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HISTOKY  OF  THE  CONGRESS. 


BY   T.    0.  MARTIN. 


The  predecessor  of  the  Chicago  International  Electrical  Con- 
gress was  that  held  at  Frankfurt,  Germany,  in  1891,  at  which 
time  the  delegates  of  the  American  Institute  of  Electrical 
Engineers  extended,  in  the  name  of  that  body,  an  invitation  to 
European  electricians  to  participate  in  America.  During  1891, 
a  "Congress  Auxiliary"  was  formed,  with  the  support  of  the 
Columbian  Corporation  and  under  the  sanction  and  approval  of 
the  Government  of  the  United  States,  in  connection  with  the 
World's  Columbian  Exposition  at  Chicago,  and  the  organization 
of  a  World's  Electrical  Congress  was  undertaken  by  a  special 
Chicago  Committee,  of  which  Dr.  Elisha  Gray  was  appointed 
chairman.  At  this  time  the  Institute  was  invited  to  associate 
itself  with  other  engineering  societies  in  organizing  an  Engin- 
eering Congress,  of  which  the  electrical  part  would  be  entrusted 
to  it.  This  proposition  was  declined,  however,  and  by  vote  of 
Council  in  December,  1891,  the  Institute  pledged  itself  to  full 
and  hearty  cooperation  with  Dr.  Gray  and  the  Chicago  Commit- 
tee, of  which  Mr.  Robert  C.  Clowry  had  been  appointed  vice- 
chairman  and  Prof.  Henry  S.  Carhart,  secretary. 

Early  in  1892,  Dr.  Gray  selected  the  Advisory  Council  for 
the  Electrical  Congress,  inviting  the  active  cooperation  and 
assistance  of  each  member. 

The  work  of  preliminary  organization  was  pursued  through- 
out 1892,  and  on  January  17,  1893,  a  meeting  of  the  Advisory 
Council  was  convened  in  New  York  City  by  Dr.  Gray,  when 
steps  were  taken  to  determine  the  nature,  work  and  membership 
of  the  Congress,  as  well  as  the  time  of  its  assembling.     At  this 
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meeting,  preliminary  reports  of  English  and  American  commit- 
tees, touching  these  points,  were  submitted. 

It  was  thereupon  resolved  that  the  Electrical  Congress  of 
1893,  should  consist  of  two  Chambers,  of  which  the  Legislative 
Chamber  should  decide  on  units,  names  of  units,  and  standards, 
and  should  consist  solely  of  delegates  named  by  their  respective 
Governments. 

The  following  apportionment  of  delegates  was  made  by  a  Com- 
mittee whose  report  was  adopted  by  the  meeting.  Great  Britain 
5,  France  5,  Germany  5,  Austro-Hungary  5,  United  States  5, 
Belgium  3,  Italy  3,  Switzerland  3,  Holland  2,  Denmark  2,  Nor- 
way and  Sweden  2,  Russia  2,  Spain  2,  Portugal  1,  British  North 
America  1,  Australian  Colonies  1,  India  1,  Japan  1,  China  1, 
Mexico  1,  Brazil  1,  Chili  1,  Peru  1,  Argentine  Republic  1, 
making  a  total  of  55  official  delegates. 

It  was  resolved  that  a  Committee  on  Invitations  should  be  ap- 
pointed by  the  Chairman,  to  consist  of  five  members,  who  should 
select  and  recommend  to  the  Chairman  the  names  of  electricians, 
electrical  engineers  and  others  as  members  of  the  Electrical 
Congress.  Said  Committee  to  cooperate  with  the  foreign  Com- 
mittees. 

It  was  further  resolved  that  in  addition  to  invitations  to  deli- 
berating and  voting  members  of  the  Congress,  a  general  intima- 
tion should  be  extended  through  the  journals  or  otherwise  that 
the  meetings  would  be  open  to  the  public,  for  attending  the 
proceedings,  but  not  for  taking  part  therein. 

It  was  resolved  that  a  Committee  on  Programme  and  Papers 
should  be  appointed  by  the  Chairman,  to  consist  of  eight  mem- 
bers, whose  duty  it  should  be  to  invite,  receive  and  consider 
papers  and  other  documents  relating  to  the  work  to  be  done  by 
the  Congress.  And  it  was  further  resolved  that  it  should  be  the 
duty  of  this  Committee  to  formulate  a  Programme  for  the 
Congress. 

It  was  resolved  that  the  reports  of  the  English  and  American 
Sub-Committees  which  had  been  received  at  the  meeting  should 
be  referred  to  the  Committee  on  Programme  and  Papers,  and 
that  the  Committee  confer  with  the  English  Committee  as  fully 
as  possible  and  with  such  other  foreign  Committees  as  might  be 
formed. 

It  was  resolved  that  the  Electrical  Congress  of  1893  should 
last  one  week,  beginning  on  August  21st ;  that  a  Committee  of 
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three  should  be  appointed  by  the  Chairman  as  a  Finance  Com- 
mittee that  an  Executive  Committee  of  five  should  be  appointed 
by  the  Chairman,  said  committee  to  have  full  power  to  act  for 
the  Advisory  Council ;  and  that  the  question  of  charging  a  fee 
for  membership  of  the  Congress,  and  fixing  the  amount  of  such 
fee  should  be  referred  to  the  Executive  Committee. 

Within  a  few  days,  Dr.  Gray  selected  the  following  commit- 
tees, which  immediately  took  up  their  respective  duties :  Execu- 
tive Committee,  Finance  Committee,  Programme  and  Papers 
Committee,  Invitations  Committee.  Of  these  committees,  Dr. 
Gray  was  a  member  ex-officio. 

The  various  governments  were  requested  to  name  and  appoint 
their  delegates,  as  required  by  the  foregoing  resolution ;  while 
about  1,000  invitations  were  issued  to  membership  in  the  general 
body,  besides  which  the  following  technical  societies  abroad  were 
courteously  notified  that  their  members  would  be  welcome  and 
would,  on  application,  be  furnished  with  tickets  of  admission : — 
Soci6t6  des  Sciences,  Christiania,  Norway;  National  Electric 
light  Association,  Tokio,  Japan;  Electrical  Society  of  Japan, 
Tokio,  Japan ;  Soci&6  Electrotechnique  de  St.  Petersburg,  Russia ; 
Schweizerischer  Elektrotechnischer  Verein,  Switzerland ;  Soci&6 
Electrotechnique  de  Paris ;  Elektrotechnischer  Verein,  Berlin, 
Germany ;  Elektrotechnischer  Verein,  Vienna,  Austria ;  Institu- 
tion of  Electrical  Engineers,  London,  England ;  Soci&e  Inter- 
nationale des  Electriciens,  Paris,  France  ;  Soci6t6  Beige  des  Elec- 
triciens,  Brussels,  Belgium ,  Society  Italiana  di  ElettricitA,  Milan, 
Italy. 

The  U.  S.  Government  also  requested  and  received  invitations 
for  officers  in  certain  of  the  services  interested  in  electricity,  and 
similar  requests  came  from  England. 

The  Congress  was  opened  in  Columbus  Hall  at  the  Art  Insti- 
tute, Chicago,  on  August  21,  when  upwards  of  500  persons  were 
in  attendance.  The  proceedings  were  brought  to  a  close  by  a 
banquet  on  August  24,  at  the  Grand  Pacific  Hotel,  and  by  a  lecture 
by  Mr.  Nikola  Tesla,  on  August  25,  in  a  hall  at  the  Agricultural 
Building,  on  the  World's  Fair  Grounds. 

The  report  of  the  Congress  transactions  constitutes  this  volume. 

Saturday,  August  26,  was  largely  given  up  to  joint  excursions 
and  pleasure  trips  by  the  Congress,  to  which  many  invitations 
and  courtesies  were  extended.  The  members  assembled  first  at 
the  exhibit  of  the  American  Bell  Telephone  Company  in  Elec- 
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tricity  Building  at  the  Fair,  in  the  early  afternoon,  and  wit- 
nessed tests  of  long-distance  lines,  exchange  service  and  experi- 
ments with  the  radiophone.  The  Western  Electric  Co.  then  took 
the  party  in  hand,  and  the  president,  Mr.  E.  M.  Barton,  assisted 
by  Mr.  W.  R.  Patterson,  took  the  visitors  through  their  exhibit, 
including  the  Scenic  Theatre. 

The  exhibit  of  Gray's  perfected  telautograph  was  next  visited. 

At  5  o'clock  a  reception  was  given  by  Mr.  W.  H.  Preeee, 
president  of  the  English  Institution  of  Electrical  Engineers,  at 
Victoria  House,  the  headquarters  of  the  British  Commission. 

At  7  p.  m.  the  exhibit  of  the  General  Electric  Co.,  throughout 
its  various  departments,  was  inspected  under  the  guidance  of  Lieut. 
Spencer  and  his  assistants.  Next  came  a  visit  to  the  exhibit  of  the 
Westinghouse  Electric  and  Manufacturing  Co.  Through  the 
courtesy  of  the  Department  of  Electricity,  a  collation  was  then 
served  to  members  of  the  Congress,  at  10  p.  m.,  at  Electricity 
Building.  The  evening  was  also  interspersed  with  other  engage- 
ments and  courtesies.  At  8.30  the  members  of  the  Chamber  of 
Delegates  were  invited  to  ride  on  the  huge  Ferris  wheel ;  while 
the  Libbey  Glass  Co.  and  the  Electric  Scenic  Theatre  honored 
the  Congress  badges  throughout  the  day.  There  were  various 
private  festivities  during  the  week  in  Chicago,  in  connection  with 
the  Congress.  Among  these  was  the  reception  given  on  Friday 
night  to  Prof,  von  Helmholtz  at  the  residence  of  Mr.  O.  W 
Meysenberg,  President  of  the  Congress. 


OPENING  OF  THE  CONGRESS. 

The  Congress  was  called  to  order  at  3  p.  m.,  Monday,  August 
21st,  1893,  at  the  Art  Institute,  by  Dr.  Elisha  Gray,  of  Chicago, 
the  Chairman  of  the  Electrical  Congress  Committee  of  tne 
World's  Columbian  Exposition,  who  made  the  following  address : 

Gentlemen  of  the  International  Electrical  Congress: 

I  esteem  it  an  honor  of  the  highest  distinction  to  be  permitted 
to  call  this  International  Electrical  Congress  to  order;  coming  as 
you  do  from  all  parts  of  the  world,  and  distinguished  as  many 
of  you  are,  for  your  contributions  to  the  world's  progress  through 
the  medium  of  science — theoretical  and  applied. 

The  time  and  the  place  are  both  most  opportune.  Men  who 
represent  the  best  thought,  and  the  best  work  of  the  world  are 
here.  The  scientists  who  seek  to  unlock  the  secrets  of  nature, 
and  open  up  to  man  new  fields  for  research,  and  further  add  to 
the  sum  of  useful  knowledge,  are  here.  The  achievements  of 
the  world's  thought,  the  world's  skill,  the  world's  genius,  are  all 
about  us;  worked  out  in  machines,  in  fabrics,  in  painting, 
sculpture  and  architecture. 

T&e  whole  atmosphere  is  surcharged  with  the  activities  of  all 
nations — material  and  intellectual.  We  cannot  help  but  draw 
inspiration  from  such  surroundings  and  have  our  minds  so  at- 
tuned for  the  work  before  us,  that  the  very  best  results  shall 
come  from  our  deliberations.  We  have  here  to-day  men  who 
represent  almost  every  phase  of  electrical  work ;  men  who  come 
from  the  school,  the  college,  the  university,  the  laboratory  of  the 
scientist,  and  from  the  commercial  walks  of  life.  And  then  we 
have  with  us  that  other  much  abused  but  necessary  citizen,  the 
inventor ;  the  man  who  is,  in  some  degree,  a  combination  of  all 
the  rest,  and  is  the  product  of  daylight  toil  and  midnight  oil. 
It  is  fitting  that  all  these  varied  capacities  should  come  together 
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in  one  great  convention  like  this.  The  smallest  of  us  will  learn 
much  that  we  could  not  in  any  other  way,  and  the  greatest  will 
go  away  broader  if  not  wiser  men. 

What  is  true  of  nations  is,  in  a  sense,  true  of  individuals. 
A  nation  cannot  be  great  and  attain  to  a  high  degree  of  civiliza- 
tion, unless  her  people  are  surrounded  by  a  large  variety  and 
high  quality  of  material — moral  and  intellectual  forces.  These 
forces  are  so  related,  that  in  the  grand  march  of  progress,  they  cat- 
not  be  separated  without  lowering  the  grade  of  the  final  result. 
The  individual  cannot  be  great  in  his  vocation  or  profession  if 
he  always  lives  and  works  within  narrow  lines.  Every  science  is 
more  or  less  related  to  every  other  science ;  so  that  to  know  any 
one  thoroughly,  it  is  necessary  to  know  something  of  all.  In 
other  words,  to  be  a  good  specialist  one  must,  begin-  by  being  a 
good  generalist.  We  meet  together  to-day  within  the  lines  of 
one  great  and  growing  profession,  that  of  electricians,  and  one 
that  is  growing  daily  in  importance.  The  science  of  electricity 
has  so  many  ramifications  that  it  is  impossible  for  any  one  man, 
unassisted,  to  compass  the  whole  in  a  life-time.  We  find  our- 
selves, all  workers,  in  one  great  but  divided  field.  Some  of 
us  are  devoted  to  pure  science,  some  to  science  and  practice, 
and  some  to  pure  practice — while  all  are  necessary  factors  com- 
posing one  complete  whole.  The  pure  scientist  cannot  carry  on 
his  work  without  the  aid  of  the  man  who  applies  scientific  dis- 
covery to  useful  machines,  and  instruments  for  research ;  and 
the  great  world  cannot  be  benefited  by  the  discoveries  of  scien- 
tists, and  the  applications  of  inventors,  without  the  man  of  prac- 
tice, who  is  the  medium  between  the  inventor  and  the  user.  Let 
us  then  expect  that  the  results  of  this  Congress  will  be  far-reach- 
ing, that  it  will  impress  itself  upon  the  lives  and  work  of  many 
of  its  members,  and  that  all  of  us  will  gather  fresh  inspiration 
by  this  commingling  of  diverse  capacities  and  the  fellowship  of 
kindred  spirits. 

The  rapid  strides  that  have  been  made  in  electrical  science 
and  electrical  invention  in  the  last  twenty-five  years,  have  marked 
a  new  era  in  our  civilization,  and  this  age  may  well  be  denomi- 
nated the  Electric  Age.  Who  knows  what  the  next  quarter  of  a 
century  will  bring  to  us,  through  the  medium  of  electricity  ?  To 
some  people  it  seems  as  if  the  limit  were  nearly  reached ;  but 
who  knows?  A  certain  professor  of  physics,  who  lived  and 
taught,  soms  fifty  years  ago,  thought  even  at  that  time  that  the 
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limit  had  been  reached — if  we  may  judge  by  a  lecture  given  on 
a  certain  occasion  to  his  class.  He  had  been  explaining  the  ex- 
periments of  Franklin,  who  as  the  Fourth-of-July  orator  puts  it, 
44  Caught  the  forked  lightning  from  the  cloudp,  tamed  it  and 
made  it  subservient  to  the  will  of  man."  At  the  conclusion  of 
his  lecture  on  electricity,  which  consisted  of  a  description  of  the 
celebrated  kite  experiment,  he  said :  "  Young  men,  you  were 
born  too  late  to  witness  the  growth  and  full  development  of  this 
great  science — electricity."  If  the  good  professor  has  been 
allowed  to  peer  from  behind  the  veil,  and  to  watch  the  progress 
of  the  science  since  his  demise,  he  must  be  possessed  with  a 
growing  conviction  that  he  made  a  mistake  when  he  said  "  too 
late,"  and  that  he  should  have  said  "  too  early." 

The  grand  results  that  have  thus  far  been  attained,  were  not 
accomplished  by  any  one  nation  or  individual.  We,  as  Amer- 
icans, are  proud  of  our  native  land — the  land  of  Franklin, 
Morse  and  Henry,  but  we  are  also  proud  of  our  father-land,  and 
we  believe  that  the  father-land  is  just  a  little  proud  of  us — al- 
though we  neither  of  us  say  this  too  often,  or  too  loud.  The 
father-land  of  America  is  all  the  civilized  world,  outside  of  its 
own  borders.  We  are  proud  of  an  ancestry,  from  which  spring 
such  men  as  Faraday  and  Lord  Kelvin,  such  men  as  Ampere  and 
De  La  Rive;  such  men  as  Galvani  and  Volta;  and  last  but  not 
least,  we  are  proud  of  an  ancestry  that  produces  such  men  as  our 
honored  guest — Dr.  von  Helmholtz. 

To  you  gentlemen  who  come  from  the  cities  and  hamlets 
within  the  borders  of  our  own  land,  I  do  not  need  to  extend  a 
welcome  to  America,  for  you  are  a  part  of  the  sixty-five  millions 
of  people  who  live  under  the  protection  of  this  grand  old  flag  of 
ours ;  but  I  do  extend  to  you  a  hearty  welcome  to  Chicago,  the 
commercial  metropolis  of  America.  To  you  who  come  from 
foreign  shores,  not  only  Chicago,  but  America  extends  a  royal 
welcome.  We  welcome  you  on  behalf  and  in  the  name  of  the 
electricians  of  America ;  and  finally  we  welcome  you  in  the  name 
of  our  own  loved  science  which  knows  no  geographical  boundaries 
but  includes  the  whole  brotherhood  of  man.  For  myself,  as 
Chairman  of  the  Committee  of  Organization,  I  wish  to  extend 
thanks  to  my  fellow-workers  who  compose  the  various  sub-com- 
mittees at  home  and  abroad,  including  both  those  appointed  by 
the  Advisory  Council  and  the  American  Institute  of  Electrical 
Engineers,  for  the  invaluable  aid  they  have  given  me  without 
which  this  Congress  could  not  have  been  organized. 
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My  work  as  head  of  the  organization  committee  ends  here, 
and  I  now  surrender  this  Congress  into  your  hands,  feeling 
assured  in  advance  that  the  work  will  be  well  done;  for  bad 
work  coming  from  such  an  able  and  distinguished  body  of  men 
would  be  an  incongruity  that  is  unthinkable. 

Upon  the  conclusion  of  Dr.  Gray's  address,  he  said :  Now, 
gentlemen  of  the  International  Electrical  Congress,  the  first  thing 
in  order  will  be  the  election  of  a  temporary  chairman. 

Mr.  William  H.  Preece,  of  London,  England : — Mr.  Chair- 
man and  gentlemen,  I  have  been  asked,  as  the  first  duty  connected 
with  this  Congress,  to  propose  to  you  briefly  the  election  of  a 
temporary  chairman,  and  I  propose  for  that  function  a  gentleman 
of  whom  we  are  very  proud  in  England,  for  he  was  born  there, 
a  gentleman  of  whom  you  are  very  proud  in  America,  for  he 
lives  here  and  has  made  his  reputation  here.  I  propose  for  a 
temporary  chairman,  and  I  hope  you  will  carry  it  by  acclamation, 
the  name  of  Prof.  Elihu  Thomson. 

Mr.  Thomson  was  unanimously  elected  temporary  chairman. 
Coming  forward  to  assume  the  duties  of  the  position,  he  was  re- 
ceived with  hearty  applause.  In  accepting  the  nomination  he 
addressed  the  Congress  as  follows : 

I  thank  the  Congress  very  much  for  calling  me  to  the  Chair 
at  this  time,  even  though  it  be  but  the  temporary  chairmanship. 
I  certainly  would  be  fully  repaid  at  any  time  in  any  gathering  of 
this  kind  in  doing  anything  I  could  to  favor  its  plans  and  to 
carry  on  its  pursuits. 

We  are  gathered  here  as  representatives  of  the  departments  of 
that  grand  science  which,  though  not  in  its  infancy — as  we  some- 
times see  the  newspapers  state — has  yet  the  power  of  youth  and 
the  power  of  an  unceasing  youth  we  believe  in  the  time  to  come. 
It  is  that  science  which  when  we  visit  the  grand  collection  of 
man's  industrial  achievements  down  here  at  Jackson  Park,  we 
are  proud  of;  it  is  that  science  which  has  made  such  a  collection 
and  such  an  exhibition  even  possible.  If  an  attempt  had  been 
made  fifteen  years  ago  to  produce  the  results  which  are  there  ex- 
hibited, where  should  we  have  been  ?  Everywhere  that  you  go 
you  will  find  evidences  of  the  work  of  electricity — all  accom- 
plished within  this  brief  period  of  years.  Yet  many  of  the 
principles  of  them  were  known  long  before,  and  we  bow  to  the 
army  of  workers  who  have  brought  about  this  grand  success. 
Many  of  the  prominent  ones  have  passed  away. 
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In  relation  to  a  remark  made  by  Dr.  Gray,  that  there  was  not 
very  much  more  to  learn,  that  somebody  had  been  born  too  late, 
I  called  to  mind  an  expression  I  found  in  an  old  book  in  regard 
to  electricity.  I  think  it  was  a  book  on  physics,  printed  a  hun- 
dred years  ago.  The  statement  in  the  book  was  that  the  advances 
had  been  so  rapid  and  so  numerous  that  it  really  did  not  seem 
that  there  was  any  direction  in  which  discoveries  were  likely  to 
be  made  in  electricity.  All  that  the  book  dealt  with  was  the  old 
f  rictional  machine,  the  Leyden  jar  and  a  number  of  luminous  ex- 
periments on  vacuum  tubes,  etc.  Shortly  after  the  publication 
of  that  book  there  came  along  the  whole  of  the  discoveries  in 
voltaic  electricity,  opening  up  that  very  wide  field  which  has 
gone  on  expanding  up  to  the  present  time,  and  which  will  go  on 
expanding,  following  the  development  of  that  field  and  opening 
up  what  we  call  the  dynamo-electric  field,  which  is  really  an  ex- 
tension or  expansion  of  the  voltaic  theory.  But  to-day  we  rec- 
ognize no  such  distinctions.  The  electricity  of  to-day  is  one  and 
the  same  thing,  whether  you  see  the  current  used  by  thousands 
of  amperes  to  weld  masses  together,  or  whether  you  see  the 
lightning  striking  from  a  thunder  cloud  to  the  earth.  In  both 
you  see  the  same  thing,  only  in  one  instance  you  have  no  pres- 
sure and  enormous  volume,  just  as  a  huge  river  floats  on  without 
having  any  perceptible  head  or  anything  to  force  it  along ;  and 
in  the  other  case  you  have  enormous  pressure  and  a  very  small 
amount  of  volume. 

It  is  the  glory  of  all  science  that  it  works  not  only  to  discipline 
and  enhance  the  intellectual  advancement  of  man,  but  it  also 
confers  piactical  benefit,  and  it  is  the  peculiar  glory  of  electrical 
science  that,  study  it,  delve  in  it  merely  for  mental  discipline,  and 
you  will  find  it  one  of  the  best  exercises  imaginable.  If  you 
work  in  it  for  practical  uses  you  will  find  that  it  has  the  possibil- 
ity of  ramification  into  innumerable  fields.  It  is  almost  a  uni- 
versal science. 

Can  you  wonder  then  that  we  are  enthusiastic  i  That  we  are 
proud  to  work  in  a  field  of  this  kind  ?  It  is  the  modern  field ; 
the  field  which  will  in  the  future  give  us  the  power  to  do  things 
which  to-day  we  cannot  conceive  possible.  Beginning  with  small 
things,  beginning  sometimes  with  merely  theoretical  develop- 
ments, developments  of  very  little  practical  interest,  we  find  as 
time  goes  by  those  very  things  becoming  of  practical  use.  And 
so  it  is  with  science  in  all  its  departments ;  no  part  of  it  can  be 
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considered  as  useless  from  a  practical  standpoint. 

Let  us  then  join  together  to  make  this  Congress  a  memorable 
occasion,  a  celebration,  as  it  were,  of  the  past  fifteen  or  twenty 
years,  and  the  years  that  have  gone  before  that  period  in  the 
grand  developments  which  have  taken  place  in  electrical  science. 
The  best  way  to  do  that  is  to  get  together  and  exchange  ideas 
and  discuss  points  of  difference  of  opinion,  or  of  unanimity  of 
opinion,  if  you  please,  and  endeavor  to  spread  information  abroad 
to  extend  the  shore  of  our  knowledge. 

We  have  with  us  to  help  out  in  this  grand  and  good  work,  men 
of  distinction  from  every  clime.  We  have  some  with  us  who 
have  earned  the  highest  distinctions,  and  I  am  glad  to  say  that 
they  will  be  of  the  greatest  assistance  to  us  Americans  who  attend 
largely  to  practical  work,  in  keeping  us  out  of  altogether  practi- 
cal ruts. 

The  order  of  business  for  to-day  will  be,  first,  the  election  of  a 
temporary  secretary. 

One  motion  of  Prof.  Cross,  Prof.  F.  B.  Crocker,  of  New  York, 
was  unanimously  elected  temporary  Secretary  of  the  Congress. 

The  Chairman  :     The  next  business  is  the  appointment  of  a 

Committee  on  Permanent  Organization. 

In  accordance  with  the  suggestion  of  the  Chairman,  the 
following  gentleman  were  unanimously  appointed  a  committee 
on  permanent  organization : 

Dr.  T.  C.  Mendenhall,  Washington,  D.  C; 

Prof.  Benjamin  F.  Thomas,  Columbus,  Ohio; 

Dr.  Louis  Duncan,  Baltimore,  Md.; 

Dr.  S.  P.  Thompson,  England ; 

Prof.  E.  Hospitalier,  France ; 

Dr.  A.  Lindeck,  Germany ; 

Dr.  A.  Pallaz,  Switzerland; 

The  Chairman:     I  am  at  liberty  to  call  upon  a  gentleman  to 

say  a  few  words  to  you  in  connection  with  the  electrical  part  of 

the  World's  Fair  as  seen  from   a   foreigner's  standpoint.     The 

gentleman  whom  I  shall  call  upon  is  undoubtedly  known  to  us  all 

by  reputation.     He  is  a  man  who  has  combined  in  himself  not 

only  pure  science  but  its  application;  a  gentleman  who  has  been 

a  worker  in  the  field  for  many  years.     I  call  upon  Prof.  William 

E.  Ayrton  of  London,  England. 

Prof.  Ayrton  was  received  with  warm  applause  as  he  came 
forward  to  respond.     He  addressed  the  Congress  as  follows : 

There  is  one  thing,  ladies  and  gentlemen,  which  I  certainly  am 

not,    which   Prof.   Thomson   has   told  you    I   was;    namely,  a 
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foreigner;  for  no  Englishman  can  possible  be  a  foreigner  in 
America. 

In  asking  me  to  say  a  few  words  about  a  stranger's — not  a 
foreigner's — impression  of  the  electrical  display  at  the  Exposition, 
I  imagine  that  the  Committee  of  the  Congress  considered  it  was 
desirable  to  precede  the  more  solid  meal  of  mathematical  techni- 
calities which  we  electricians  are  compelled  to  feed  upon,  by 
something  a  little  light;  and  therefore,  it  has  fallen  upon  me  to 
supply  the  radishes  and  the  caviare  which  form  the  first  course 
of  the  intellectual  banquet  which  the  committee  have  provided 
for  you. 

In  order  that  one  may  judge  of  this  country,  it  is  most 
important  to  free  oneself  from  the  conservative  prejudices  so 
common  in  an  inhabitant  of  the  Old  World.  I  have  therefore 
endeavored  as  far  as  lay  in  my  power,  to  look  upon  things  here 
with  an  open  mind.  If  by  chance  any  of  my  conclusions  may 
seem  a  little  pointed,  I  ask  you  to  remember  that  caviare  is  made 
intentionally  a  little  piquant  to  stimulate  your  appetite  for  the 
more  solid  dishes  that  will  follow. 

Chicago  is  a  long  way  from  the  sea,  and  therefore  a  vast  terri- 
tory has  to  be  crossed  before  one  can  get  here.  The  stranger's 
impression  of  the  electrical  display  of  America  begins  to  be  formed 
long  before  he  arrives  at  the  White  City.  The  glow-lamps 
which  he  sees  lighting  even  your  scattered  houses,  the  arc  lamps 
which  he  sees  burning  in  your  country  lanes,  the  electrical  tram- 
ways readily  carrying  the  working  population  of  your  cities  into 
healthy  suburbs  in  the  evening  when  their  day's  work  is  over — 
all  these  fill  the  stranger  with  admiration,  and  he  feels  pleased  to 
know  that  you  have  no  Board  of  Trade  to  control  your  affairs. 
However,  when  in  a  city  like  Baltimore  he  finds  that  the  roads 
which  are  destined  to  become  electric,  have  been  converted  into 
Alpine  mountain  passes  by  the  construction  of  electric  tramways, 
when  he  sees  jumbled  up  on  the  same  posts  telephone,  telegraph 
and  high-pressure  electric-light  wires,  sometimes  with  insulation 
a  little  defective,  he  becomes  reconciled  again  to  the  dominion  of 
Whitehall  and  he  takes  comfort  to  himself  in  the  thought  that 
high-pressure  transformers  are  not  stuck  like  flies  on  the  house- 
walls  in  his  own  country.  When  he  learns  that  the  load  on  the 
down-town  electric  mains  in  New  York  is  at  a  maximum  at  2  in 
the  afternoon,  his  mouth  waters  at  such  a  paying  load-line,  and 
he  would  rush  to  take  a  share  in  such  a  prosperous  undertaking 
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except  for  the  recollection  that  one  or  a  ten  per  cent,  dividend 
come  to  much  the  game  thing  when  there  is  no  currency  what- 
ever to  pay  the  dividend  declared.  In  Pittsburg,  Cleveland, 
Lynn  and  Schenectady  the  stranger  is  much  astonished  at  the 
courtesy  with  which  he  is  shown  every  detail  in  a  factory,  as  well 
as  the  magnitude  of  the  undertakings.  His  expectations  are 
roused  to  such  a  pitch  that  he  expects  when  he  gets  here  in 
Chicago  to  find  an  electrical  display  which  will  cast  all  previous 
electrical  exhibitions  into  the  shade. 

Well — take  thi6  stranger  into  the  Electricity  Building  blindfold, 
80  that  his  judgment  may  not  be  warped  by  the  glories  of  the 
outside  surroundings  and  leave  him  there  for  awhile.  If  he  be 
candid  and  if  he  can  muster  up  courage  to  say  a  word  which 
might  cause  pain  to  those  whose  kindness  has  made  them  dear  to 
him,  he  will  say  that  he  is  a  little  disappointed.  He  i6  disappointed 
that  the  world  has  not  better  answered  the  invitatation  to  show 
in  Electricity  Building  what  it  could  do.  If  he  is  an  Englishman, 
he  is  not  only  disappointed  but  rather  ashamed  of  his  country. 
Even  looking  at  the  Electricity  Building  from  a  purely  American 
standpoint,  if  you  will  allow  me  to  say  so,  I  do  not  think  the  exhibits 
inside  quite  do  this  country  justice.  We  have  all  heard  of  the 
arrangements  that  are  being  made  to  utilize  300,000  horse  power 
at  Niagara,  the  greatest  engineering  feat,  probably,  that  the 
world  has  ever  seen.  But  in  the  exhibition  I  think  I  am  right 
in  saying  that  not  a  model  or  a  plan  can  one  iind  of  the  work  that 
this  country  is  doing,  and  which  will  when  accomplished  redound 
to  its  praise.  It  might  seem  a  small  thing,  compared  with  that, 
to  transmit  a  little  over  a  hundred  horse  power  109  miles  with  a 
commercial  efficiency  of  75  per  cent ;  but  at  Frankfort  the 
stranger  really  did  see  that  done ;  and  although  that  was  but  a 
small  thing  compared  with  what  America  ie  doing  at  Niagara, 
one  would  like  to  have  seen  something  on  the  spot.  In  other 
words  the  stranger  feels  that  the  real  electrical  display  of  America 
is  not  in  Electricity  Building,  but  in  every  street  where  there  are 
trolley  wires,  in  every  town  and  village  where  there  are  electric 
lamps ;  and  where  is  the  town  in  this  country  where  there  are 
none? 

But  if  the  stranger  be  thoughtful,  he  is  not  disappointed.  At 
Frankfort  it  was  what  was  inside  the  Electricity  Building  that 
dazzled  his  mind.  At  Jackson  Park  it  is  what  is  outside  the 
Electricity  Building  that  rivets  his  attention.     One  feared  that  the 
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bustle  and  hurry  of  this  country  would  not  allow  time  for  the 
appearance  in  the  programme  of  its  development,  the  cultivation 
of  those  charme  that  Americans  come  to  Europe  to  witness ;  but 
when  I  saw  your  exhibition,  when  from  the  top  of  the  Manufac- 
turers' Building  I  looked  down  at  night  on  that  Court  of  Honor, 
on  that  tracery  of  electric  lamps,  more  beautiful  in  its  realization 
than  could  have  been  even  the  dream  of  the  writer  of  the 
Arabian  Nights,  then  I  felt  sure  that  in  that  great  living  hospi- 
table heart  which  throbs  in  the  breasts  of  the  all-practical,  go- 
ahead  people  of  this  country,  there  must  be  some  nook  where 
lurks  the  belief,  that  powerful  as  is  machinery,  all-powerful  as  is 
.electricity,  the  song,  the  poem,  the  echo  of  the  statue  that  lives 
when  the  bones  of  its  creator  have  crumbled  into  dust,  are  even 
more  powerful  still  in  forming  the  history  of  humanity. 

But  your  exhibition  makes  me  hope  that  the  love  of  art  and 
beauty  for  their  own  sakes,  which  we  have  hitherto  regarded  as 
the  heritage  of  poor  and  oppressed  races  like  those  of  Italy, 
Hungary  and  Russia,  will  become  the  heritage  of  this  great  free 
nation. 

There  is  one  exhibit  in  Electricity  Building  which  struck  me 
very  forcibly — an  exhibit  which  does  not  appear  in  the  catalogue 
— and  that  is  the  young  American  electrician.  Deeply  interested 
as  I  am  in  the  teaching  of  the  application  of  science  to  industry, 
nothing  could  have  pleased  me  more  than  to  see  the  value  that 
you  electrical  engineers  of  this  country  attach  to  the  bright  lad 
who  has  had  good  college  training,  and  while  great  feats  have 
been  achieved  and  are  being  achieved  by  veterans  like  Edison, 
Gray,  Elihu  Thomson,  Westinghouse  and  others,  you  trust 
the  development  of  your  electrical  enterprises  in  the  .hands  of 
those  whose  skill  merits  your  confidence,  whose  youth  does  not 
cause  you  distrust. 

As  one  grows  older,  age,  like  electric  self-induction,  wipes  out 

the  minor  ripples  in  the  current  of  one's  past  life,  but  certain 

prominences  though  rounded  with  time,  are  never  obliterated. 

In  the  current  of  my  life  there  will  ever  be  one  epoch  towering 

.  far  above  all  others — the  epoch  labeled  "  Chicago,  1893." 

The  Chairman  : — I  am  sure  that  I  am  at  liberty  on  the  part 
of  the  Congress  to  tender  the  thanks  of  this  body  to  Prof.  Ayrton 
for  the  charming  address  he  has  just  delivered.  Perhaps  there 
is  one  remark  that  I  should  make  which  occurred  to  me  while 
he  was  speaking  in  regard  to  the  plans  and  arrangements  for 
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Niagara.  I  do  not  know  that  they  are  completed,  and  I  believe 
Prof.  Forbes  has  them  in  charge.  Prof.  Ayrton  reminds  me 
that  he  actually  did  speak  of  Englishmen  not  coming  up  to  the 
mark.  So  he  wishes  it  to  be  inferred  that  that  remark  is  borne 
out  in  this  instance. 

Prof.  Mendenhall,  from  the  Committee  on  Permanent  Organi- 
zation reported  the  following  officers,  who  were  elected  by  a 
unanimous  vote: 

Honorary  President,  His  Excellency  Dr.  H.  von  Helmholtz, 
of  Berlin,  Germany. 

Permanent  Chairman,  Dr.  Elisha  Gray,  of  Chicago. 

Vice-Presidents :  Edward  Weston,  United  States ;  W.  H. 
Preece,  F.  Ii.  S.,  Great  Britain ;  Prof.  E.  Mascart,  France ;  Dr. 
Voit,  Germany ;  Prof.  J.  Sahulka,  Austria ;  Prof.  Galileo 
Ferraris,  Italy ;  Prof.  H.  Weber,  Switzerland. 

Permanent  Secretary,  Prof.  F.  B.  Crocker,  New  York. 

The  K6t  of  vice-presidents  as  above  given  is  incomplete,  because 
of  the  non-arrival  of  representatives  from  other  countries  who 
have  signified  their  intention  of  being  present.  Upon  their  ar- 
rival the  list  of  vice-presidents  will  be  completed. 

Chairman  Thomson  escorted  to  the  chair,  Dr.  von  Helmholtz, 
the  Honorary  President-elect,  who  was  received  with  cheers  and 
a  rising  salute  by  the  Congress.  Chairman  Thomson  introduced 
the  eminent  scientist  as  follows : 

It  now  becomes  my  most  pleasant  duty  to  present  to  you  the 
Honorary  President  selected  by  the  Congress,  a  man  whose  name 
and  fame  are  really  known  wherever  science  is  taught,  a  man 
whose  varied  achievements  in  all  departments  have  made  him  the 
type  of  the  man  of  general  science ;  a  man  whose  work  has  gone 
to  make  many  of  the  scientists  what  they  are  to-day,  and  of  whom 
it  would  be  difficult  to  say  whether  in  optics,  in  sound,  in 
electricity,  in  the  laws  of  motion  and  the  conservation  of  energy 
he  had  done  the  most  work.  An  optical  congress  might  claim 
him  ;  a  congress  of  sound  and  music  might  claim  him,  and  a  con- 
gress of  electricians  has  claimed  him  and  we  have  him. 

It  is  to  his  fundamental  studies  on  the  laws  of  fluid  motion,  on 
the  laws  of  conservation  of  energy  that  we  electricians  imi6t  look. 
These  studies,  carried  on  long  ago,  laid  the  foundation  for  the 
work  of  others  who  came  after  him.  We  find  much  of  the  work 
of  even  the  great  master,  Maxwell,  depending  on  the  labors  of 
the  gentleman  whom  I  am  to  present  to  you.  I  now  have  the 
honor  to  present  to  you  as  your  Honorary  President,  His 
Excellency,  Dr.  von  Helmholtz. 

The  Congress  again  rose  and  saluted  their  distinguished  Hon- 


HKLMHOLTZ'S  REMARKS.  1 1 

orary  President,  who,  when  the  cheering  subsided,  addressed  the 
body  as  follows : 

Ladies  and  gentlemen,  I  must  say  that  I  am  almost  overpowered 
by  the  excessive  honor  which  you  have  given  me,  for  I  am  not 
quite  sure  that  I  possess  the  merits  necessary  to  till  the  distin- 
guished position  to  which  you  have  called  me.  I  have  been 
occupied  with  electricity,  that  is  true.  It  may  be  that  in  your 
selection  here  you  have  given  to  old  age  the  privilege  of  being 
honored  more  than  usual,  even  if  the  merits  of  the  individual  are 
doubtful. 

I  think  I  am  the  most  aged  of  the  electricians  who  are  present 
here.  The  beginning  of  my  career  was  at  a  time  when  the 
phenomena  of  electricity  were  apparent  only  by  the  most  delicate 
experiments  in  the  laboratory.  Where  we  to-day  move  great 
machines  of  the  mightiest  power,  in  that  old  time  when  I  began 
to  study  electricity  we  could  only  move  little  magnetic  needles 
suspended  on  the  finest  silken  thread  that  we  could  obtain.  We 
balanced  two  such  needles  on  the  opposite  poles  in  order  to  get 
any  token  of  electrical  current,  or  even  the  most  delicate 
index  of  electrical  current,  such  as  was  obtained,  by  Volta  from 
the  frog.  He  could  do  nothing  but  make  an  oscillation  or  contrac- 
tion. He  could  not  move  the  slightest  apparatus,  but  he  saw  that 
there  were  feeble  currents.  At  that  time  we  had  no  constant 
electromotive  force.  We  were  obliged  to  work  with  simple  bat- 
tery elements  of  copper  and  zinc  without  sulphate  of  copper  and 
elements  which  altered  with  every  movement ;  which  had  in  the 
first  instance  a  great  electromotive  force  and  then  went  down, 
down,  down,  so  that  after  some  minutes  there  was  scarcely  any 
force  at  all,  or  only  traces  of  the  former  force.  Now  all  is 
changed.  In  the  beginning  of  my  career,  we  knew  nothing  of 
the  great  discoveries  of  Faraday  regarding  inductive  currents, 
which  have  developed  now  into  currents  that  can  drive  the 
mightiest  machines. 

The  present  generation — if  I  may  include  myself  in  the  present 
generation — have  seen  a  greater  development  of  science  of  every 
kind,  and  principally  of  electric  science,  than  any  generation  be- 
fore us.  The  history  of  the  world  and  the  history  of  science  has 
grown  very  rapidly  during  our  life-time.  It  is  a  great  pleasure 
for  us  old  men  to  see  now  what  electricity  has  reached  in  its  new 
stages  and  to  admire  the  newest  developments  which  are  collected 
on  this  festival  occasion  here  in  your  great  Exhibition. 
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Permit  me  to  thank  you  for  the  great  honor  you  have  con- 
ferred upon  me. 

Chairman  Thomson  : — I  am  sure  that  the  Congress  will  join 
me  most  heartily  in  the  wish  that  Dr.  von  Helmholtz  may,  for 
many  years  to  come,  be  included  in  this  generation ;  that  he  may 
live  to  see  the  grander  accomplishments  which  are  to  be  achieved, 
without  doubt,  in  our  favorite  science. 

I  have  no  need  to  introduce  the  next  gentleman,  Dr.  Gray,  to 
the  Chicago  public.  He  is  perfectly  well  known  in  the  city 
here,  as  the  type  of  the  practical  inventor  and  scientific  man. 
He  was  prominent  early  in  working  out  systems  of  transmission 
of  intelligence.  I  remember  personally  that  when  I  was  a  mere 
boy,  I  saw  an  exhibition  of  his  harmonic  telegraph,  which  inter- 
ested me  very  much  indeed.  It  came  some  years  before  the 
telephone,  and  if  the  telephone  had  not  come,  I  am  certain  that 
the  electro-harmonic  telegraph  of  Dr.  Gray  would  have  been 
doing  a  large  amount  of  work  to-day.  But  Dr.  Gray  not  only 
invented  the  harmonic  telegraph,  but  he  has  also  been  connected 
as  an  early  pioneer  with  the  invention  of  the  telephone  itself.  I 
remember  seeing  at  that  early  exhibition  of  which  I  spoke,  one 
experiment  which  gave  6uch  promise  of  talking  that  it  almost 
sounded  as  though  it  did  talk.  It  was  an  experiment  in  which 
Dr.  Gray  simply  held  his  hands  on  a  little  zinc  cylinder  and  the 
sound  came  from  his  lingers  or  the  cylinder — a  contact  vibration. 
The  sound  was  given  at  the  other  end  by  a  diaphragm,  and 
breaking  and  making  contact  very  similar  to  the  Reis  telephone, 
but  the  sounds  were  so  near  talking  that  I  thought  there  was 
very  little  to  be  done  to  make  it  talk.  Dr.  Gray  very  soon  after 
that,  did  that  thing  which  would  have  made  such  an  instrument 
talk. 

Dr.  Gray  to-day  has  presented  to  the  world,  after  a  long  siege 
of  hard  work,  the  telautograph,  which  is  certainly  a  marvelous 
instrument ;  one  which  enables  us  to  take  up  a  pen  at  one  station 
and  produce  a  written  record  or  a  drawing — in  fact,  to  produce 
any  system  of  lines  you  choose — at  a  distant  station,  several  in- 
struments being  operated  at  the  same  time.  So  that  he  has  been 
hard  at  work  as  an  inventor,  and  as  an  inventor  I  can  feel  the 
most  thorough  sympathy  with  him,  for  inventors  meet  with  many 
difficulties  and  rebuffs,  and  it  is  only  by  trial  after  trial  that  they 
get  that  perfect  thing,  or  that  nearly  perfect  thing  which  ans- 
wers all  the  commercial  purposes  of  the  world. 
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There  is  no  one  more  fitted  to  preside  as  permanent  chairman  of 
this  Congress  than  Dr.  Gray.  He  has  had  the  arrangements  for  the 
Congress  for  a  very  long  time  in  his  hands,  and  he  has  worked 
faithfully  and  energetically  to  have  the  Congress  as  successful  as 
possible.  I  can  testify  to  that  personally,  having  been  in  com- 
munication with  him. 

I  now  have  the  pleasure  of  introducing  to  the  Congress,  your 
permanent  chairman,  Dr.  Elisha  Gray. 

Chairman-elect  Gray  was  received  with  hearty  applause,  in 
response  to  which  he  said  :  Gentlemen,  I  am  not  going  to  make 
another  speech.  I  wish  simply  to  heartily  thank  this  Congress 
for  the  honor  that  you  have  conferred  upon  me,  for  it  is  an  honor 
to  act  in  this  capacity,  even  though  it  be  a  subordinate  one.  It 
is  an  honor  to  act  in  connection  with  one  who  is  so  distinguished 
as  the  gentleman  whom  you  have  made  your  honorary  president. 
I  thank  you. 

In  discharging  the  duties  of  the  position  to  which  you  have 
called  me,  I  ask  your  forbearance.  I  ask  that  you  will  help  me, 
for  it  is  my  intention  to  preside  in  the  best  manner  possible,  and 
if  any  mistakes  are  made  they  will  be  mistakes  of  the  head  and 
not  of  the  heart.  I  do  not  intend  to  take  up  your  time  with 
further  remarks,  because  there  are  others  here  who  are  better 
qualified  to  address  you  than  I  am  and  from  whom  you  wish  to 
hear. 

I  do  not  need  to  introduce  to  this  Congress  the  Vice-President 
from  Great  Britain,  because  wherever  the  telegraph  extends  and 
wherever  the  science  of  electricity  is  known,  the  name  of  Mr. 
William  H.  Preece,  chief  engineer  of  the  British  Postal  Tele- 
graph system  is  also  known.  I  now  call  upon  him  to  say  a  few 
words  to  this  Congress. 

Vice-President  Preece  was  greeted  with  cheers,  upon  the  sub- 
sidence of  which  he  addressed  the  Congress  as  follows:  Mr. 
President,  ladies  and  gentlemen,  I  feel  very  highly  honored  in 
having  conferred  upon  me  the  position  of  Vice-President  for  that 
very  tiny  little  spot  on  the  ocean  that  is  called  "  Great  Britain." 
This  is  not  the  first  time  that  I  have  crossed  the  Atlantic.  This 
is  not  the  first  congress  that  I  have  attended  in  America.  This 
is  my  third  visit  here,  and  I  have  never  yet  left  these  shores 
empty  handed.  I  have  always  taken  something  away  with  me, 
not  surreptitiously,  for  I  think  it  will  be  acknowledged  that  we 
in  England  have  always  handsomely  paid  for  that  which  we  have 
taken  from  you. 
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I  have  the  greatest  possible  hopes  for  the  success  of  this 
Congress.  Congresses  do  an  infinity  of  good.  They  make  us 
all  travel  on  the  same  track.  We  never  get  shunted  into  wrong 
quarters,  if  we  rely  upon  the  ideas  that  have  been  inculcated  at 
these  congresses.  Electricity  in  all  its  branches  is  cosmopolitan. 
As  your  Chairman  implied,  it  has  no  geographical  limitations.  It 
knows  no  nation.  It  has  but  one  language ;  and  the  object  of 
our  meeting  here  is  to  try  to  make  that  language  a  little  more 
perfect.  Its  growth  and  history  have  been  guided  by  the  princi- 
ple of  continuity,  and  by  the  principle  of  evolution,  and  we  are 
here  to  show  how  the  modern  electrician  has  planted  the  ideas 
of  Franklin  and  Henry  and  Faraday  and  Maxwell  and  others  on 
the  history  of  the  present,  while  we  are  still  working  hard  to 
cultivate  those  seeds  planted  at  our  feet  by  such  men  as  Helm- 
holtz. 

But  there  is  one  other  function  that  a  congress  fulfills,  and  one 
which  I  trust  we  will  all  do  our  best  to  accomplish,  and  that  is  to 
secure  amongst  ourselves,  that  alone  which  makes  life  pleasant 
and  happy — feelings  of  friendship  and  of  amity.  In  my  small 
career  I  have  found  that  the  friendships  made  abroad  at  these 
congresses  have  been  lasting,  and  I  can  look  around  me  here  and 
see  several  of  those  whom  I  have  met  at  other  congresses, 
and  whom  I  know  that  I  shall  be  able  to  call  my  friends  as  long 
as  we  live. 

One  of  the  earliest  lessons  that  I  learned  in  this  lesson-teaching 
country  was  this :  never  prophesy  unless  you  know.  Now,  I  will 
venture  to  prophesy  this :  that  when  in  future  ages  men  shall 
look  back  to  the  annals  of  history  to  discover  those  epoch-mark- 
ing events  that  have  made  history,  there  will  be  no  assemblage 
of  electricians  that  will  be  more  indelibly  engraved  on  the  mar- 
bles of  time  than  this  great  Electrical  Congress  of  1893,  held  in 
Chicago. 

Chairman  Gray  introduced  Vice-President  Prof.  E.  Mascart, 
of  France,  who  delivered  a  brief  address  in  his  native  tongue, 
thanking  the  Congress  for  the  honor  conferred  upon  him  and 
prophesying  the  greatest  good  to  come  from  the  deliberations  of 
the  distinguished  scientists  there  assembled. 

Dr.  Mendenhall  presented  the  programme  of  exercises  to  be 
observed  by  the  Congress  during  its  continuance. 

The  Congress  then  adjourned. 


PROCEEDINGS  OF  THE  CHAMBER  OF  DELEGATES. 


The  Preliminary  Meeting: — The  Chamber  of  Delegates  was 
called  to  order  at  5  p.  m.,  August  21st,  by  Dr.  T.  C.  Mendenhall, 
and  Prof.  H.  S.  Carhart  was  made  temporary  secretary.  The 
Chair  appointed  the  following  committee  on  credentials  and  per- 
manent organization :  H.  S.  Carhart,  T.  C.  Mendenhall,  Elihu 
Thomson,  E.  Mascart,  W.  H.  Preece,  Dr.  Budde,  Prof.  Ferraris. 
The  Chamber  then  adjourned  to  4  p.  m.  on  the  following  day. 

Meeting  of  August  22nd. 

The  meeting  was  called  to  order  by  Dr.  Mendenhall.  Chair- 
man Carhart  of  the  committee  on  credentials  reported  the  list  of 
duly  accredited  delegates.1 

For  the  committee  on  permanent  organization,  the  Chairman 

(Carhart)  reported  the  following  nominations :    For  President, 

Prof.   H.  A.  Rowland;   for   permanent    Secretary,   Dr.  E.  L. 

Nichols.     By  common  consent,  English  was  adopted  as  the  official 

language  of   the  Chamber.     The  question  was   raised    by  Dr. 

Sahulka  as  to  the  right  of  delegations  to    fill  vacancies.      Dr. 

Mendenhall  presentea  the  following  motion,  which  was  carried 

unanimously : 

Each  nation  shall  be  entitled  to  as  many  votes  as  the  number  of  delegates  to 
which  it  was  entitled  by  the  original  plan  of  organization.  When  members  of 
a  delegation  shall  differ  on  any  question,  each  shall  be  entitled  to  cast  his  pro- 
portion of  the  vote  of  his  government,  counting  only  those  present  in  the 
Chamber  at  the  time. 

Dr.  von  Helmholtz  requested  the  admission  of  certain  gen- 
tlemen on  the  ground  of  their  intimate  acquaintance  with  ques- 
tions to  come  before  the  chamber.  It  was  moved  that  with  the 
approval  of  the  President  and  Secretary,  any  persons  approved 
by  members  may  be  admitted  as  visitors  without  the  right  to  vote 
or  to  take  part  in  the  discussions.  [Carried.]  In  accordance  with 
this  resolution  Mr.  Preece  requested  the  admission  of  Messrs. 
Carl  Hering  and  A.  E.  Kennelly ;  Dr.  von  Helmholtz  requested 
the  admission  of  Messrs.  Lindeck,  Feussner,  Pringsheim,  and 
Leman.  Prof.  Ferraris  requested  the  admission  of  Mr.  Grassi  of 
Milan.     All  these  requests  were  approved  by  the  President  and 

1,    See  list  on  the  page  after  the  title  page. 
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m  

the  Secretary.  Mr.  Preece  moved  that  the  Congress  be  asked  to 
consider  nomenclature  and  notation.  Mr.  Siemens  offered  to 
amend  as  follows : 

That  the  order  of  business  presented  in  the  printed  programme  be  adopted 
as  the  order  of  proceedings.  All  proposals  on  which  a  prolonged  discussion 
arises,  may  be  postponed  by  the  r  resident  so  that  the  points  accepted  by  all 
parties  may  be  settled  with  as  little  delay  as  possible 

The  motion  as  amended  was  carried  unanimously. 

The  Chamber  then  entered  upon  the  order  of  business.  Mr. 
Preece  reported  the  work  done  in  England,  upon  resistance, 
current  and  electromotive  force.  Mr.  Budde  presented  a  similar 
report  from  the  Elektrotechnische  Verein,  of  Berlin.  Prof.  Carhart 
presented  the  following  resolution : 

"Resolved,  That  the  several  governments  represented  by  delegates  in  this  Inter- 
national Congress  of  Electricians  be,  and  are  hereby,  recommended  to  formally 
adopt  as  a  legal  unit  of  resistance,  the  following,  viz: 

The  resistance  offered  to  an  unvarying  electric  current  by  a  column  of  mer- 
cury at  the  temperature  of  melting  ice,  14.4521  grammes  in  mass  of  a  con- 
stant cross  sectional  area  and  of  length  of  106.8  centimetres." 

The  motion  was  carried. 

Dr.  von  Helmholtz  laid  before  the  Chamber  the  report  of  the 
Phy8ikali8che-technische  Reichs-an6talt  upon  the  official  German 
practical  standard  of  light  (the  Heffner  lamp).  Prof.  Ayrton  pro- 
posed the  adoption  o?  a  definition  of  current  taken  from  the 
report  previously  referred  to  by  Mr.  Preece.  It  was  moved  to 
defer  the  further  consideration  of  Prof.  Ayrton's  motion  until  the 
opening  of  Wednesday's  session.  Dr.  Mendenhall  offered  the 
following  modification  of  the  conditions,  under  which  visitors 

might  be  admitted  to  the  Chamber : 

'\No  persons  not  members  shall  be  admitted  to  the  sittings  except  as  may  be 
recommended  by  delegates,  and  whose  presence  will  in  the  judgment  of  the 
President  and  the  Secretary  be  of  value  to  the  Chamber." 

[Carried.] 

Dr.  von  Helmholtz  moved  that  the  next  session  be  held  at  3 

• 

p.  m.  on  Wednesday,  August  23d.     [Adjourned], 

Meeting  of  August  23d. 

The  session  was  called  to  order  by  President  Rowland,  all  the 
delegates  excepting  Mr.  Weber  being  present.  Upon  motion  of 
the  committee  on  credentials,  Mr.  A.  M.  Chavez,  representing 
Mexico,  was  added  to  the  list  of  members.  It  was  agreed  to  ex- 
tend to  Dr.  Elisha  Gray  as  Chairman  of  the  General  Congress  the 
privilege  of  attendance  upon  the  Chamber.  Dr.  S.  P.  Thompson 
suggested  the  printing  of  the  minutes  [no  action].  Dr.  Menden- 
hall offered  a  substitution  for  Prof.  Ayrton's  definition  of  the 
ampere,  involving  also  a  modification  of  definition  of  the  ohm 
and  volt.  A  motion  to  reconsider  the  definition  of  the  ohm 
was  carried.  Prof.  Ayrton  moved  the  appoinment  of  a  com- 
mittee, with  the  President  as  chairman,  to  frame  definitions  of 
the  ohm,  ampere  and  volt.  The  vote  upon  this  motion  was  as 
follows :  Ayes ;  United  States  5,  England  5,  France  3,  Germany 
1,  Switzerland  3,  Sweden  1,  Canada  1,  Total  19.    Noes;  Germany 
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4,  Italy  3,  Mexico  1,  Total  8.  [The  motion  was  carried].  Upon 
motion  of  Mr.  Preece,  the  president  appointed  as  members  of 
this  committee,  Messrs.  von  Helmholtz,  Mascart,  Ayrton  and 
Mendenhall.  Remarks  upon  the  definitions  of  the  ampere  and 
volt  were  made  by  Messrs.  von  Helmholtz,  Rowland  and  Mascart 
and  Ayrton.  Mr.  Preece  requested  the  substitution  of  Mr. 
Siemens  for  himself  upon  the  committee  for  notation  and  nomen- 
clature, also  that  Mr.  Sahulka  be  added  to  that  committee.  Mr. 
Preece  moved  the  appointment  of  a  committee  on  light  to  consist 
of  the  following  members:  Messrs.  Violle,  S.  P.  Thompson, 
Nichols,  Budde,  Luinmer  and  Palaz.  The  Chamber  adjourned 
to  meet  at  2  p.m.  on  Thursday. 

Meeting  of  August  24. 

Absent,  Messrs.  Schrader  and  Weber.  The  minutes  of  the 
previous  meeting  were  read  and  approved.  The  report  of  the 
committee  on  the  ohm,  ampere  and  volt,  was  received,  Mr. 
Mendenhall  reporting  as  follows : 

Uesolved,  That  the  several  governments  represented  by  delegates  in  this 
International  Congress  of  Electricians  be,  and  they  are  hereby  recommended  to 
formally  adopt  as  legal  units  of  electrical  measure  the  following : 

As  a  unit  of  resistance,  the  international  ohm,  which  is  based  upon  the  ohm. 
equal  to  109  units  of  resistance  of  the  c.  o.  8.  system  of  electro-magnetic  units, 
and  is  represented  by  the  resistance  offered  to  an  unvarying  electric  current  by 
a  column  of  mercury  at  the  temperature  of  melting  ice,  14,4521  grammes  in 
mass  of  a  constant  cross-sectional  area  and  of  a  length  of  106.8  centimetres. 

As  a  unit  of  current,  the  international  ampere,  which  is  one-tenth  of  the  unit 
of  current  of  the  c  o.s.  system  of  electro- magnetic  units,  and  which  is  repre- 
sented sufficiently  well  for  practical  use  by  the  unvarying  current  which,  when 
passed  through  a  solution  of  nitrate  of  silver  in  water,  in  accordance  with 
accompanying  specifications,  deposits  silver  at  the  rate  of  0.001118  of  a  gramme 
per  second. 

As  a  unit  of  electromotive  force,  the  inter national  colt,  which  is  the  electro- 
motive force  that,  steadily  applied  to  a  conductor  whose  resistance  is  one 
international  ohm,  will  produce  a  current  of  one  international  ampere,  and 
which  is  represented  sufficiently  well  for  practical  use  by  {$%$  of  the  electro- 
motive  f»rce  between  the  poles  or  electrodes  of  the  voltaic  cell,  known  as 
Clark's  cell;  at  a  temperature  of  15  degrees  C.  and  prepared  in  the  manner 
described  in  the  accompanying  specification.1 

As  a  unit  of  quantity  the  international  coulomb,  which  is  the  quantity  of 
electricity  transferred  by  a  current  of  one  international  ampere  in  one  second. 

As  a  unit  of  capacity,  the  international  farad,  which  is  the  capacity  of  a  con- 
,  denser  charged  to  a  potential  of  one  international  volt  by  one  international 
coulomb  of  electricity." 

The  report  of  the  committee  was  unanimously  adopted. 

The  President  announced  as  the  next  order  of  business  the 
consideration  of  the  remaining  electrical  unite.  Prof.  Mascart 
made  the  motion  to  accept  the  name  of  Henry  for  the  practical 
unit  of  induction,  "  which  shall  be  the  quantity  to  which  the 
name  of  quadrant  was  given  by  the  congress  of  1889."  The 
motion  was  seconded  by  Prof.  Ayrton.  It  was  proposed  to  divide 
the  question. 


1.  The  specifications  referred  to  are  those  of  the  British  Board  of  Trade, 
the  specifications  for  the  Clark  cell  to  be  modified  by  a  committee  which  has 
not  yet  reported. 
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•  The  motion  of  Prof.  Mascart,  that  the  practical  unit  of  the  co- 
efficient of  induction  shall  be  called  the  Henry,  was  then  carried 
unanimously. 

Mr.  Preece  moved  that  the  definition  of  the  Henry  be  referred 
to  the  following  committee:  Messrs.  Rowland,  Ferraris,  Ayrton, 
Budde,  Carhart,  and  Hospitalier.     [Carried.] 

Prof.  Ferraris  offered  the  following  definitions  of  the  units  of 
work  and  power. 

As  a  unit  of  work,  the  joule,  which  is  equal  to  107  unit*  of  work  in  the 
c.  o.  s.  system  and  which  is  represented  sufficiently  well  for  practical  use  by  the 
energy  expended  in  one  second  by  an  international  ampere  in  an  international 
ohm. 

As  a  unit  of  power,  the  watt,  which  is  equal  to  10 7  units  of  power  in  the 
c.  g.  s.  system  and  which  is  represented  sufficiently  well  for  practical  use  by 
work  done  at  the  rate  of  one  joule  per  second. 

The  President  in  introducing  the  next  order  of  business  (mag- 
netic units),  proposed  that  no  more  units  on  the  practical  system 
be  established.  It  was  moved  by  Mr.  Siemens  that  for  magnetic 
units  the  c.  g.  s.  system  be  commended  and  that  for  the  present 
no  names  be  given  to  these  units.     [Carried.] 

The  question  of  the  standardization  of  arc  lamps  was  then 
taken  up.  It  was  moved  by  Dr.  Nichols  that,  owing  to  the  un- 
certain and  complicated  nature  of  arc  light  photometry,  the 
Chamber  recommend  that,  in  making  specifications  or  contracts 
for  arc  lighting,  the  performance  of  a  lamp  should  be  indicated 
in  terms  of  volts  and  amperes.  After  some  discussion  it  was  de- 
termined that  this  was  not  a  matter  of  international  importance 
and  the  motion  was  laid  upon  the  table.  The  Chamber  acjourned 
to  meet  at  2  o'clock  on  Friday. 

Meeting  of  August  25. 

The  report  of  the  committee  upon  standards  of  light  was  read 
by  Dr.  S.  P.  Thompson.  It  was  moved  by  Mr.  Preece  and  sec- 
onded by  Prof.  Ayrton  that  the  report  be  adopted.  The  motion 
was  unanimously  carried. 

The  following  is  the  report  of  the  committee : 

The  committee  appointed  to  consider  standards  of  light,  beg  to  submit  the 
following  report. 

They  have  had  much  discussion  upon  the  various  forms  suggested  for  prac- 
tical standards,  and  in  particular  upon  the  two  special  forms  of  lamp  known 
respectively  as  the  amyl-acetate  lamp,  of  von  Heffner-Alteneck,  and  the  pen 
tane  lamp,  of  Vernon  Harcourt.  The  only  practical  lamp  actually  presented 
to  the  committee,  is  the  new  von  Heffner  lamp,  which,  though  it  has  been 
laboriously  tested  at  the  Keichs-anstalt.  and  reported  accurate  within  two  per 
cent.,  has  not  received  any  extended  trial  in  other  lands.  On  the  other  hand  it 
was  reported  that  the  pentane  lamp  in  its  recent  improved  form  w»  s  preferred 
in  Kngland  for  the  photometry  of  gas  lights.  There  is  the  objection  to  the 
pentane  lamp  that  the  composition  of  commercial  pentane  is  not  sufficiently 
well  defined :  and  to  the  amyl-acetate  lamp  that  its  color  is  too  red  in  hue. 
Finally  objections  are  taken  to  all  open  flame  lamps  ;  that  they  are  too  liable 
to  be  influenced  by  changes  in  the  pressure,  temperature  and  moisture  of  the 
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air.  It  is  admitted,  on  the  other  hand,  that  no  electric  lamp  suitable  for  use  as 
a  convenient  practical  standard,  has  yet  been  realized.  Under  these  circum- 
stances there  was  a  sharp  division  of  opinion  in  the  committee,  between  those 
who  advocated  the  von  Heffner  lamp  as  an  independent  standard  and  those  who 
desired  to  maintain  the  status  quo,  until  further  researches  should  have  been 
made  in  various  countries.  It  was  proposed  by  Drs.  Budde  and  Lummer  that 
the  von  Heffner  lamp,  constructed  exactly  according  to  the  specifications  of 
Mr.  von  Heffner- Alteneck  be  introduced  as  a  provisional  practical  standard  of 
light,  and  that  the  problem  of  determining  its  value  in  terms  of  the  absolute 
unit  be  left  to  subsequent  investigation. 

On  vote  this  was  lost  by  two  votes  for  and  four  against.  The  following 
motion,  proposed  by  Messrs.  Palaz  and  Thompson  and  amended  by  Drs.  Budde 
and  Lummer,  was  then  carried  unanimously.  Resolved,  That  this  committee 
while  recognizing  the  great  progress  realized  in  the  standard  lamp  of  von 
neffner-Alteneck,  and  the  very  important  researches  made  at  the  Reichs- 
anstalt,  also  recognizes  that  other  standards  have  been  proposed  and  axe  now 
being  tried,  and  that  there  are  serious  objections  to  every  kind  of  standard,  in 
which  an  open  flame  is  employed.  It  is,  therefore,  unable  to  recommend  the 
adoption  at  the  present  time  of  either  the  von  Heffner  lamp  or  the  pentane 
lamp,  but  recommends  that  all  nations  be  invited  to  make  researches  in  com- 
mon on  well-defined  practical  standards,  and  on  the  convenient  realization  of 
the  absolute  unit. 

Prof.  Ayrton  then  read  the  report  of  the  committee  on  the 
definition  of  the  Henry,  which  was  duly  adopted. 

The  definition  was  as  follows  :  As  a  unit  of  induction  the  henry  is  recom- 
mended, which  is  the  induction  in  a  circuit  when  the  electromotive  force  in- 
duced in  tjiis  circuit  is  one  international  volt,  while  the  inducing  current 
varies  at  the  rate  of  one  ampere  per  second. 

The  report  of  the  committee  on  notation  and  nomenclature 
was  presented.  After  discussion,  it  was  moved  by  Mr.  Preece 
and  seconded  by  Mr.  Siemens  that  the  report  be  received  as  the 
work  of  the  committee  dealing  with  the  subject,  and  that  it  be 
printed  as  an  appendix  to  the  proceedings  of  the  Chamber.  The 
motion  was  carried.  The  Chamber  then  adjourned  to  meet  at 
Victoria  House,  World's  Fair  Grounds,  at  10  a.  m.  on  Saturday, 
August  26,  1893. 

Meeting  of  August  26,  1893. 

The  meeting  was  called  to  order  by  President  Rowland,  at 
Victoria  House,  World's  Fair  Grounds,  at  11  a.  m. 

The  minutes  of  all  previous  sittings  of  the  Chamber  were 
read,  and  after  certain  corrections,  were  declared  correct. 

It  was  moved  that  the  specifications  referred  to  in  the  defini- 
tion of  units  be  those  in  the  printed  report  of  the  British  Board 
of  Trade. 

Dr.  von  Helmholtz  called  attention  to  desirable  changes  in 
the  specifications  referring  to  the  Clark's  cell. 

Dr.  Mendenhall  moved  the  appointment  of  a  committee  of 
three  to  be  empowered  to  draw  up  the  specifications  in  question ; 
the  committee  to  consist  of  Messrs.  von  Helmholtz,  Ayrton  and 
Carhart. 
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Mr.  Preece  called  the  attention  of  the  chamber  to  the  system 
of  notation  presented  by  Prof.  Jamieson  for  their  consideration. 

The  Secretary  distributed  printed  slips  containing  the  same. 

The  Chamber  adjourned. 

As  the  above  resolutions  are  somewhat  confused  by  being 
mixed  with  the  general  proceedings  of  the  Chamber  of  Dele- 
gates, the  actual  recommendations  are  given  in  separate  form,  as 
follows : 

FINAL    AND   OFFICIAL    RECOMMENDATION    OF   THE   CHAMBER   OF 

DELEGATE8. 

Resolved,  That  the  several  governments  represented  by  the  delegates  of  thit 
International  Congress  of  Electricians  be,  and  they  are  hereby,  recommended 
to  formally  adopt  as  legal  units  of  electrical  measure  the  following :  As  a  unit 
of  resistance,  the  international  ohm,  which  is  based  upon  the  ohm  equal  to  10* 
units  of  resistance  of  the  c.  o.  8.  system  of  electromagnetic  units,  and  is  repre- 
sented by  the  resistance  offered  to  an  unvarying  electric  current  by  a  column 
of  mercury  at  the  temperature  of  melting  ice  14.4521  grammes  in  mass,  of  a 
constant  cross-sectional  area  and  of  the  length  of  106.8  centimetres. 

As  a  unit  of  current,  the  international  ampere,  which  is  one-tenth  of  the 
unit  of  current  of  the  o.  g.  s.  system  of  electro- magnetic  units,  and  which  is 
represented  sufficiently  well  for  practical  use  by  the  unvarying  current  which, 
when  passed  through  a  solution  of  nitrate  of  silver  in  water,  and  in  accordance 
with  accompanying  specifications,1  deposits  silver  at  the  rate  of  0.001118  of  a 
gramme  per  second. 

As  a  unit  of  electromotive  force,  the  international  volt,  which  is  the  electro- 
motive force  that,  steadily  applied  to  a  conductor  whose  resistance  is  one  inter- 
national ohm,  will  produce  a  current  of  one  international  ampere,  and  which 
is  represented  sufficiently  well  for  practical  use  by  \HH  of  the  electromotive 
force  between  the  poles  or  electrodes  of  the  voltaic  cell  known  as  Clark's  cell, 
at  a  temperature  of  15°  c,  and  prepared  in  the  manner  described  in  the  accom- 
panying specification.* 

As  a  unit  of  quantity,  the  international  coul</mb%  which  is  the  quantity  of 
electricity  transferred  by  a  current  of  one  international  ampere  in  one  second. 

As  a  unit  of  capacity,  the  international  farad,  which  is  the  capacity  of  a 
condenser  charged  to  a  potential  of  one  international  volt  by  one  international 
coulomb  of  electricity. 

i.  In  the  following  specification  the  term  silver  voltameter  means  the  arrangement  of  apparatus 
by  means  of  which  an  electric  current  is  passed  through  a  solution  of  nitrate  of  stiver  in  water. 
The  silver  voltameter  measures  the  total  eiectrical  quantity  which  has  passed  during  the  time  of 
the  experiment,  and  by  noting  this  time  the  time  average  of  the  current,  or,  if  the  current  has  been 
kept  constant,  the  current  itself  can  be  deduced. 

In  employing  the  stiver  voltameter  to  measure  currents  of  about  one  ampere,  the  following 
arrangements  should  be  adopted  : 

The  kathode  on  which  the  silver  is  to  be  deposited  should  take  the  form  of  a  platinum  bowl  not 
less  than  10  centimetres  in  diameter  and  from  4  to  5  centimetres  in  depth. 

'1  he  anode  should  be  a  plate  of  pure  silver  some  30  square  centimetre*  in  area  and  a  or  3  milli- 
metres in  thickness 

This  is  sup  lotted  hoi  izontally  in  the  liquid  near  the  top  of  the  solution  by  a  platinum  wire  passed 
through  holes  in  the  plate  at  opposite  corners.  To  prevent  the  disintegrated  silver  which  is  formed 
on  the  anode  from  falling  onto  the  kathode,  the  anode  should  be  wrapped  round  with  pure  filter 
paper,  secured  at   he  back  with  sealing  wax. 

The  iquid  should  consist  of  a  neutral  solution  of  pure  silver  nitrate,  containing  about  15  parts 
by  weight  of  the  nitrate  to  85  parts  of  water. 

The  resistance  ot  the  voltameter  changes  somewhat  as  the  ctfrrent  pa«sev  To  prevent  these 
changes  having  too  great  an  effect  on  the  current,  some  resistance  besides  that  of  the  voltameter 
should  be  inserted  in  the  circuit.  The  total  metallic  resistance  of  the  circuit  should  not  be  less 
than  10  ohms. 

a.  A  commitue  consisting  of  Messrs.  Helmholtz.  Ayrton  and  Carhart.  was  appointed  to  prepare 
specifications  for  the  Clark's  cell.     Their  report  has  not  yet  been  received. 
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As  a  unit  of  work,  the  joule,  which  is  equal  to  10 7  units  of  work  in  the 
c.  g.  s.  system,  and  which  is  represented  sufficiently  well  for  practical  use  by 
the  energy  expended  in  one  second  by  an  international  ampere  in  an  inter- 
national ohm. 

As  a  unit  of  power,  the  watt,  which  is  equal  to  107  units  of  power  in  the 
c.  G.  s.  system,  and  which  is  represented  sufficiently  well  for  practical  use  by 
work  done  at  the  rate  of  one  joule  per  second. 

As  the  unit  of  induction,  the  henry,  which  is  the  induction  in  a  circuit  when 
the  electromotive  force  induced  in  this  circuit  is  one  international  volt,  while 
the  inducing  current  varies  at  the  rate  of  one  ampere  per  second, 


PROCEEDINGS  OF  SECTION  A. 

Section  A,  to  which  was  committed  the  department  of  Pure 
Theory,  met  in  Room  6  at  the  Art  Institute,  on  Tuesday,  August 
22d,  and  was  called  to  order  at  10  o'clock  a.  m.  by  Prof.  H.  A. 
Rowland,  of  Johns  Hopkins  University. 

The  following  officers  were  then  nominated  and  unanimously 
elected : 

Chairman,  Prof.  H.  A.  Rowland,  of  Johns  Hopkins  University. 

Vice-Chairman,  Prof.  Galileo  Ferraris,  of  Italy. 

Secretary,  Prof.  A.  L.  Kimball,  of  Amherst  College. 

Sectional  Committee  :  Prof.  A.  G.  Webster,  of  Clark  Uni- 
versity; Alexander  Macfarlane,  of  the  University  of  Texas; 
Charles  P.  Steinmetz,  of  Yonkers,  N.  Y. 

A  permanent  organization  being  effected,  Chairman  Rowland 
said  :  We  meet  here  for  a  discussion  of  pure  science  and  all  will 
take  part  in  the  proceedings.  I  will  ask  Prof.  Ferraris  to  say  a 
few  words. 

Prof.  Ferraris  was  received  with  hearty  applause  and  addressed 
the  section  as  follows : 

I  am  not  accustomed  to  speaking  English,  and  I  do  not  know 
that  I  will  be  able  to  express  readily  my  thoughts  to  you.  I 
have  difficulty  in  public  speaking  in  my  own  language,  and  it  is 
much  more  difficult  for  me  to  speak  in  English.  1  may  almost 
say  it  is  absolutely  impossible.  Therefore,  I  pray  you,  where 
you  do  not  understand  me,  to  suppose  what  I  would  say. 

This  is  my  first  visit  to  America.  I  came  here  in  order  to  see 
the  New  World,  where  scientific  ideas  find  great  applications 
which  result  in  splendid  advancement.  I  came  to  take  part  in 
the  sessions  of  the  Congress  which  occupy  themselves  with  pure 
science.  It  is  apparently  a  contradiction,  but  it  is  not  a  contra- 
diction in  fact.  The  science  of  electricity  is  the  science,  which 
better  than  any  other,  has  demonstrated  the  mutual  relation  of 
pure  science  and  practice,  aud  especially  here  in  America  it  is 
difficult — it  is  impossible — to  divide  science  from  practice.  It  is 
not  only  in  theory  but  in  the  great  practice  which  has  been  de- 
veloped here,  anci  in  their  love  for  science  that  the  great  Ameri- 
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can  people  exhibit  the  wonderful  results  achieved  by  them  in 
technical  science  and  material  wealth. 

You  see  the  difficulty  with  which  I  express  myself  in  a  tongue 
which  is  not  native  to  me,  but  I  promise  you  that  I  will  contrib- 
ute to  the  full  extent  of  my  power  to  the  objects  of  the  Con- 
gress.    I  thank  you  for  your  kindness. 

The  meeting  then  adjourned  until  10  a.  m.  the  following  day. 

Meeting  of  Wednesday,  August  23d. 

The  meeting  was  called  to  order  at  10  a.  m.  by  Chairman 
Rowland. 

The  first  paper  on  "The  Analytical  Treatment  of  Alternating 
Currents,"  by  Prof.  A.  Macfarlane  was  as  follows : 


ON  THE  ANALYTICAL  TREATMENT  OF 
ALTERNATING  CURRENTS. 


BY  PROF.  A.  MACFARLANE,  UNIVERSITY  OF  TEXAS,  AUSTIN,  TEXAS. 


In  a  recently  published  work  on  "  Alternating  Currents/' 
Messrs.  Bedell  and  Crehore  present  a  double  treatment  of  the 
subject — an  analytical  and  a  graphical.  With  respect  to  the 
relative  efficiency  of  the  two  methods  they  say  (Preface,  p.  2), 
"  There  are  some  to  whom  graphical  methods  appeal  more 
strongly  than  analytical  processes,  and  the  cases  of  simple  circuits 
have  accordingly  been  fully  treated  in  both  ways.  The  prob- 
lems of  divided  circuits  and  networks  of  conductors  yield  the 
more  readily  to  graphical  treatment,  inasmuch  as  analytical 
methods  necessarily  become  cumbersome  and  involved,  and  do 
not  appeal  directly  to  the  senses."  The  authors  (p.  211)  present 
a  paradox  which  amounts  to  the  following:  that  analysis  is  re- 
quired to  investigate  the  fundamental  principles,  but  graphics 
are  required  to  make  the  applications. 

I  propose  to  show  that  the  defects  of  the  analytical  method 
are  due  to  the  fact  that  it  is  not  the  natural,  but  a  restricted,  an- 
alysis which  is  applied.  The  natural  analysis  starts  from  the 
graphic  method  as  a  mere  basis :  consequently  it  must  be  much 
more  powerful.  The  natural  analysis  for  the  subject  of  alter- 
nating currents  is  not  line  algebra  but  plane  algebra.  By 
plane  algebra  is  meant  the  algebra  of  "complex  quantities," 
but  treated  so  as  to  harmonize  with  the  more  general  algebra 
of  space.  That  the  method  of  "complex  quantities"  has 
here  an  application,  has  been  pointed  out  by  Mr.  Kennelly 
in  his  paper  on  Impedance1.     "  Any  combination  of  resistances, 

1.    Trans.  Am.  Inst.  El.  Eng  ,  vol.  x.,  p.  184. 
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non-ferric  inductances,  and  capacities,  carrying  harmonically 
alternating  currents,  may  be  treated  by  the  rules  of  unvary- 
ing currents,  if  the  inductances  are  considered  as  resis- 
tances of  the  form  p  I V — 1,  and  the  capacities  as  resistances  of 

the  form  — -r —  V — 1,  the  algebraic  operations  being  then  per- 
formed according  to  the  laws  controlling  complex  quantities." 
It  is  the  purpose  of  this  paper  to  show  that  not  only  the  applica- 
tions but  the  fundamental  principles  are  more  readily  obtained 
by  plane  Algebra. 

In  plane  algebra  the  quantities  considered  can  be  represented 
by  vectors  lying  in  a  common  plane,  and  the  relation  considered 
is  that  which  may  exist  between  one  vector  and  another.  Let  A 
and  B  be  two  such  vectors  lying  in  the  plane  of  the  paper ; 
the  axis  of  this  plane  is  constant  and  may  be  denoted  by  a.     In 


the  more  general  algebra  of  space,  a  varies,  hence  must  always 
be  stated  explicitly.  The  ratio  of  B  to  A  consists  of  a  change 
of  length  which  may  be  denoted  by  r,  and  a  change  of  direction 
which  may  be  denoted  by  a ",  that  is,  a  turning  of  0  radians 
round  the  axis  a.     Thus 

B  =  ra*A 

and  reciprocally  A  =  —  or~o  B 

r 

The  ratio  or  rotator  r  ae  is  a  directed  quantity  but  it  is  not  a 
vector ;  in  order  to  distinguish  it  as  a  whole  it  may  be  denoted 
by  a  small  black  letter  as  r.  Each  of  the  vectors  in  the  plane 
may  be  specified  by  such  a  rotator,  a  given  initial  vector  being 
understood.  The  confusion  of  such  rotator  with  the  rotated 
line  has  been  the  principal  cause  of  the  obscurity  which  has 
clouded  the  algebra  of  complex  numbers. 
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The  turning  factor  a &  may  be  expressed  as  the  sum  of  two 
ratios,  of  which  one  involves  a  zero  angle,  and  the  other  an  angle 
of  a  quadrant.     Thus 


a0  =  cos  0  +  sin  0  •  a 


2 


Hence  r  a0  =  r  cos  d  -{-  r  eia  ti  •  a2 


IT 
1 


=  a?  +  y '  « 

where  x  and  y  denote  the  rectanglar  co-ordinates  of  the  extremity 
of  R  relative  to  A  and  a  perpendicular  to  A  as  axes.     Hence 


r  =   V  x2  -f-  yz  and  0  =  tan' 


ff 


In  the  method  of  complex  numbers  a2  is  expressed  by  i  orj 

which  stand  for  V — 1.  The  advantages  of  using  the  above  no- 
tation are  that  it  is  capable  of  being  applied  to  space,  and  that 
it  also  serves  to  specify  the  general  rotator  a  *  as  well  as  the 

n 

rectangular  rotator  a2  which  is  here  the  meaning  of    V — 1. 

From  the  relation  of  JL  to  A  the  reciprocal  relation  of  A  to 
B  is  derived  thus 

A  =  —  «-* £ 


r 
1 


*  +  V  *  « 


7T 

"a 


E 


_*  — y  «-E 

®a  +  y2 

If  the  ratio  to  A  of  each  of  several  vectors  is  given,  the  ratio 
to  A  of  their  resultant  is  obtained  by  taking  the  sum  of  the 
ratios.     Thus  if 

Ei  =  rxa\lL  =  (a?x  +yx  a5)  A 

IT 

E2  =  r2  a**  A  =  (x2  +  y%  a1")  A 


.  •  • 


RD  =  /•»  «"..  A  —  (*B  +  y».  «a;  A 
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then  JS  =  £  (r  a «)  A 

=  Raf  A 
where  ^,  =  2'r,  +  2lfIr,co8(»1-«,) 

and  f  =  tan"*  *£*±Q 

r  I(r  cos  6) 

IT 

also  J  E  =  \I  x  +  (2?  y)  ■  a1  }  A 

and  reciprocally  A  =  f^T^ft'f,'  *  B 

(2*  a?)a  +  (J  y)2 

It  is  to  be  noticed  that  2  applied  to  a  vector  means  a  geomet- 
rical summation. 

If  the  ratio  of  B  to  A  and  of  B  *  to  B  are  given,  the  ratio  of 
B l  to  A  is  found  by  taking  the  product  of  the  ratios.     Thus 


7T 


if  B  =  r  a**  A  =  (x  +  y  '  a%  )  A 

re 

and  Bl  =  rl  a.Qx  B  =  (x1  +  yl  •  a*  )  B 

then         Bl  =  rr1afl  +  //,  A  =  jaa1 —  yy1  -\-(x1y-\-xy1)'  o?\A 


IT 


But  if  B  =  r  a*>  A  =  (  x  +  y  •  a2  )  A 

ir 

and  E1  =  r1  a»,  A  =  (»'  +  yl  '  a5  )  A 

then         Bl  =  tl  a6""*  =  ^  +  yy1  +  (^-^)^E 

r  »*  +  y8 

The  index  notation  a0  is  not  fanciful,  but  analytically  correct. 


IT  7T 


For  log  ad  =  0  log,  a1  =  0y*2;  so  that  aG  =  0  0'<*2  which  is  the 
determinate  expression  for  e  e  V—  ** •     Hence* 


7T  7T 


„  (/'«2  logr  +  0vx» 

r  a*  =  r  e        =  e 

The  ratio  r  a  *  is  differentiated  with  respect  to  time  in  the 
following  manner : 

d  t      ax        d  r     *  ,       d  (aO) 
-Z_  (r  ae)  =  -=_  -a*  +  r  :-A — ^ 

tf*v       y       dt        ^       dt 

•On  account  of  the  small  size  of  letters,  the  Greek  letter  alpha  is  written  a 
in  the  exponents  to  distinguish  from  <i. 
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but  a6  =  cob  6  +  sin  0'a2 

,  d  (ae)       f       .     n    .  a   Z\  d  0 

and  — ^ — -  =  ( —  em  0  +  cob  fra*)  -1-r 

dt  dt 

e  +  ^dO' 


r 


hence  A  (r  «•)  =  ^««  +  r  i?-a  ' +* 

When  a  is  not  constant,  the  differentiation  is  more  complex. 

IT  7T 

Hence     -j-  e  =  «  («  +  &•«*) 

a  < 

, (a+4-  a  *)  *      ten  — 


7T  7T 


rersely     / 


*    (a+b-  oc  2)  t  (a+b'  ac  »)  t  1 


and  conversely     /a  =  e 


a  +  cVa 


7T 

2~ 


a2  +  J2 


(<*+&«'*)  *  +  tan-1 «T 


Va 
a 


a2 +  6 

(6  t  +  tan-1 )•«"* 


a<  * 


£ 


a*  +  6* 

In  plane  algebra  the  fundamental  rules  of  operation  are  the 
same  as  those  for  line  algebra,  as  is  exemplified  in  the  above 
rules  for  differentiating  or  integrating  an  exponential  function. 
But  when  the  vectors  are  in  space,  the  rules  require  to  be 
generalized. 

When  this  analysis  is  applied,  the  investigation  of  the  funda- 
mental principles  of  alternating  currents  is  much  simplified. 
We  shall  apply  it  to  the  case  of  a  circuit  containing  resistance 
and  self-induction.  The  differential  equation  in  the  case  of  a 
circuit  containing  resistance  and  self-induction,  the  electromotive 
force  being  simple  harmonic,  is 

d  i   ,     It    •        E    .         . 
d-t  +  -Lt=-Z*m<ot 
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Now  E  sin  <o  t  is  the  sine  component  of  E aut and  i  is  the 
sine  component  of  a  ratio  i  =  r  aQ .  It  is  more  difficult  to  treat 
of  the  sine  component  than  of  the  complete  ratio,  and  to  this 
circumstance  is  due  many  of  the  obscure  transformations  en- 
countered in  the  solution  of  linear  differential  equations.  The 
complete  equation  is 

flA  4-  IL  i  =  A  a"-* 
dt^ L  L 

Because  the  fundamental  rules  of  plane  algebra  are  the  same 
as  those  for  line  algebra,  the  solution  has  the  same  form  as 

before,  namely 

Rt         Rt  Rt 

E 

L 


i  =    %  e       L    CeL  autdt  +  ce 


But  r    l     u t  ,  .       r   \l^      ) 

I  c        awl  d  t  =   I   e  dt 


e  ' 

— -  -f-  w a* 


(M^J),(^-mj) 


(f)'+ 


CO2 


I  R  *\  Lu>  , 


=  e  e  A  /R2    .       3 


JT  I  w^  —  tan-1  "^  la  ? 


__Rt 

therefore   i  = r"  „  V         ""*"       K ) r  ~       \    n  P       E 

V~£*+Z*rt'e  +c 

__  E  ,  La>  Rt 

—  — = — = — —       u  t  —  tan-1  -n-    .  ——r 

+/  R2  -f  L*io*a  +c  e 

Finally,  by  taking  the  sine  component  of  either  side 

/  =  — —  sin  [to  t  —  tan-1  — ^)  4-  c  e       ^ 

.*       V  It  I 


V  R2  +  D 
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— A' 
When  the  term  c  e       L   disappears  we  have 


—  tan-1 


-B  ™    ut 


e 


j  =  « __  i?« 

i'.ft'  +  Z'o,2 

Rj—Z_ar€^ 
R2-\-Z%wi 

_   1 

/?  +  Z  «ra* 

and  reciprocally  e  =  (J?  +  X  wa1)  i 

In  the  case  of  a  compound  circuit  composed  of  a  number  of 
simple  circuits  in  series,  if 

61  =  (#1  +  Z,  ora«)  i 

IT 

e?  =  (-ft «  +  /<2  «>'«*)  i 

etc.  etc. 

then,  adding,  2'  e  =  }  ^  R  +  (^  Z)  w«ir  j-  i 


and  reciprocally 


•  _  ^  #  —  (-^Z)  «r«*   v 
x-  {1*  Rf  +  (2  £f<o2  *  e 


In  the  case  of  a  compound  circuit  composed  of  a  number  of 
simple  circuits  in  parallel, 


14 


Rx  —  Zj  io' a} 
ll  =  R?  +  L?co*   e 

U  =  ~RT+~LT^  e 
etc.  etc. 

R  —  L  wa1  I 


therefore  2"  i  =  J  |  ^    ,    ^°„  (  e 


/? 


)  -  - I  Gpi^jto)  '"' 


+  Z»«V  Vff*  + 


e 
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and  reciprocally 


V2  i?2  +  Z2  co2/  +  "'  V  £2  +  L*a>V 


Discussion. 

The  Chairman: — The  discussion  of  this  paper  is  now  in 
order. 

Prof.  John  E.  Davies  : — Prof.  Macfarlane,  I  understand,  in- 
cluded at  the  outset  the  effects  of  capacity  in  the  other  terms. 

It  occurred  to  me  that  we  should  specify  in  the  final  formulae 
what  parts  were  due  to  resistance,  wnat  to  inductance  and  what 
parts  due  to  capacity,  separately. 

It  seems  as  if  we  ougnt  to  he  able  at  once  to  identify  in  our 
linal  formulae  the  effects  of  each  of  these  causes  by  itself  when 
we  so  desire. 

Dr.  Frederick  Bedell: — As  Prof.  Macfarlane  has  pointed 
out,  there  is  quite  a  necessity,  I  think,  of  some  more  comprehen- 
sive system  of  analysis  than  that  ordinarily  employed,  which, 
although  adequate  for  the  treatment  of  a  single  series  circuit 
and  some  of  tne  simple  cases  of  divided  circuit,  becomes  exceed- 
ingly cumbersome  in  the  more  complex  cases  of  combined  cir- 
cuits. For  the  solution  of  these  latter  cases,  the  graphical 
method  is  the  more  readily  understood,  but  this  is  because  our 
system  of  analysis  is  not  perfect.  A  basis  for  a  better  system 
of  analysis  may  be  found  in  these  graphical  methods  themselves, 
so  that  the  graphical  processes  may  be  analytically  expressed  by 
a  proper  notation,  that  is,  we  may  omit  the  diagrams  and  still 
follow  the  processes.  An  illustration  of  this  is  found  in  the 
method  for  obtaining  the  equivalent  resistance,  self-induction 
and  capacity  of  parallel  circuits. 

We  nave  looked  with  pleasure  at  the  development  of  the  com- 
pact system  of  notation  just  explained  and  look  to  its  further 
generalized  application  to  complex  combinations  of  circuits,  con- 
taining not  only  resistance  and  self-induction,  as  in  the  case  just 
illustrated,  but  also  capacity  and  mutual  induction. 

Prof.  Macfarlane  : — In  reply  to  the  question  of  Dr.  Davies, 
the  capacity  merely  adds  a  negative  term  to  the  vertical  com- 
ponent. It  merely  generalizes  the  above  and  does  not  involve  any- 
thing very  different  in  analysis.  I  did  not  take  the  more  complex 
case  but  took  the  simplest  case  where  the  principles  of  the 
method  would  be  best  seen.  The  principle  of  the  method  is 
what  I  wanted  to  dwell  upon,  and  not  any  particular  difficulty 
in  it,  in  order  to  show  that  the  simplest  problem  could  be  treated 
in  that  way.     Of  course,  the  method  applies  readily  to  more 
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complex  cases  as  Dr.  Bedell  has  stated.  Another  advantage  of 
this  notation  is  it  applies  to  space  as  well  as  to  a  plane. 

The  Chairman  : — There  is  no  doubt  about  the  importance  of 
this  subject  in  the  present  stage  of  electrical  science. 

We  are  coming  more  and  more  to  use  these  complex  quantities 
instead  of  using  sines  and  cosines,  and  we  find  great  advantage 
in  their  use  for  calculating  all  problems  of  alternating  currents, 
and  throughout  the  whole  range  of  physics. 

Anything  that  is  done  in  this  line  is  of  great  advantage  to 
science. 


The  following  paper  by  Mr.  Steinmetz,  was  then  read : 


COMPLEX  QUANTITIES  AND  THEIR  USE  IN 
ELECTRICAL  ENGINEERING. 


BY    CHAS.    PROTEUS   8TEINMETZ. 


I. — Introduction. 

In  the  following,  I  shall  outline  a  method  of  calculating  alter- 
nate current  phenomena,  which,  I  believe,  differs  from  former 
methods  essentially  in  so  far,  as  it  allows  us  to  represent  the  alter- 
nate current,  the  sine-function  of  time,  by  a  constant  numerical 
quantity,  and  thereby  eliminates  the  independent  variable  "time" 
altogether  from  the  calculation  of  alternate  current  phenomena. 

Herefrom  results  a  considerable  simplification  of  methods. 
Where  before  we  had  to  deal  with  periodic  functions  of  an  in- 
dependent variable,  time,  we  have  now  to  add,  subtract,  etc., 
constant  quantities — a  matter  of  elementary  algebra — while 
problems  like  the  discussion  of  circuits  containing  distributed 
capacity,  which  before  involved  the  integration  of  differential 
equations  containing  two  independent  variables :  "  time  "  and 
"  distance,"  are  now  reduced  to  a  differential  equation  with  one 
independent  variable  only,  "  distance,"  which  can  easily  be  in- 
tegrated in  its  most  general  form. 

Even  the  restriction  to  sine-waves,  incident  to  this  method,  is 
no  limitation,  since  we  can  reconstruct  in  the  usual  way  the  com- 
plex harmonic  wave  from  its  component  sine-waves;  though  al- 
most always  the  assumption  of  the  alternate  current  as  a  true 
sine-wave  is  warranted  by  practical  experience,  and  only  under 
rather  exceptional  circumstances  the  higher  harmonics  become 
noticeable. 

In  the  graphical  treatment  of  alternate  current  phenomena 
different  representations  have  been  used.  It  is  a  remarkable 
fact,  however,   that  the  simplest   graphical  representation   of 
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periodic  functions,  the  common,  well-known  polar  coordinates; 
with  time  as  angle  or  amplitude,  and  the  instantaneous  values  of 
the  function  as  radii  vectores,  which  has  proved  its  usefulness 
through  centuries  in  other  branches  of  science,  and  which  is 
known  to  every  mechanical  engineer  from  the  Zeuner  diagram 
of  valve  motions  of  the  steam  engine,  and  should  consequently 
be  known  to  every  electrical  engineer  also,  it  is  remarkable  that 
this  polar  diagram  has  been  utterly  neglected,  and  even  where  it 
has  been  used,  it  has  been  misunderstood,  and  the  sine-wave  rep- 
resented— instead  of  by  one  circle — by  two  circles,  whereby 
the  phase  of  the  wave  becomes  indefinite,  and  hence  the  diagram 


Fig.  1. 


useless.  In  its  place  diagrams  have  been  proposed,  where  re- 
volving lines  represent  the  instantaneous  values  by  their  projec- 
tions upon  a  fixed  line,  etc.,  which  diagrams  evidently  are  not 
able  to  give  as  plain  and  intelligible  a  conception  of  the  varia- 
tion of  instantaneous  values,  as  a  curve  with  the  instantaneous 
values  as  radii,  and  the  time  as  angle.  It  is  easy  to  understand 
then,  that  graphical  calculations  of  alternate  current  phenomena 
have  found  almost  no  entrance  yet  into  the  engineering  practice. 
In  graphical  representations  of  alternate  currents,  we  shall 
make  use,  therefore,  of  the  Polar  Coordinate  System,  repre- 
senting the  time  by  the  angle  <p  as  amplitude,  counting  from  an 
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initial  radius  o  a  chosen  as  zero  time  or  starting  point,  in  posi- 
tive direction  or  counter-clockwise,*  and  representing  the  time  of 
one  complete  period  by  one  complete  revolution  or  360°  =  2  n. 
The  instantaneous  values  of  the  periodic  function  are  repre- 
sented by  the  length  of  the  radii  vectores  o  b  =  r,  correspond- 
ing to  the  different  angles  tp  or  times  tf,  and  every  periodic 
function  is  hereby  represented  by  a  closed  curve  (Fig.  1).  At  any 
time  £,  represented  by  angle  or  amplitude  <p,  the  instantaneous 
value  of  the  periodic  function  is  cut  out  on  the  movable  radius 
by  its  intersection  o  b  with  the  characteristic  curve  c  of  the  func- 


Fig.  2. 

tion,  and  is  positive,  if  in  the  direction  of  the  radius,  negative, 
if  in  opposition. 

The  sme-wcwe  is  represented  by  one  circle  (Fig.  2). 

The  diameter  o  o  of  the  circle,  which  represents  the  sine-wave, 
is  called  the  intensity  of  the  sine-wave,  and  its  amplitude, 
A  0  B  =  a*,  is  called  the  phase  of  the  sine-wave. 

The  sine-wave  is  completely  determined  and  characterized  by 
intensity  and  phase. 

It  is  obvious,  that  the  phase  is  of  interest  only  as  difference  of 
phase,  where  several  waves  of  different  phases  are  under  con- 
sideration. 


•This  direction  of  rotation  has  been  chosen  as  positive,  since  it  is  the  direc- 
tion of  rotation  of  celestial  bodies. 
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Where  only  the  integral  values  of  the  sine-wave,  and  not  its 
instantaneous  values  are  required,  the  characteristic  circle  c  of 
the  sine-wave  can  be  dropped,  and  its  diameter  o  c  considered  as 
the  representatation  of  the  sine-wave  in  the  polar-diagram,  and 
in  this  case  we  can  go  a  step  further,  and  instead  of  using  the 
maximum  value  of  the  wave  as  its  representation,  use  the  effect- 
,  i  .  i     .     .i       •  .  maximum  value 

we  value,  which  m  the  sme  wave  is  =  ^= 

Where,  however,  the  characteristic  circle  is  drawn  with  the 
effective  value  as  diameter,  the  instantaneous  values,  when  taken 
from  the  diagram,  have  to  be  enlarged  by  ^\ 


Fig.  3. 


We  see  herefrom,  that : 

"  In  polar  coordinates,  the  sine-wave  is  represented  in  in- 
tensity  and  phase  by  a  vector  o  c,  and  in  combining  or  dis- 
solving sine-waves,  they  are  to  be  combined  or  dissolved  by  the 
parallelogram  or  polygon  of  sine-waves" 

For  the  purpose  of  calculation,  the  sine-wave  is  represented 
by  two  constants :  C,  <w,  intensity  and  phase. 

In  this  case  the  combination  of  sine-waves  by  the  Law  of 
Parallelogram,  involves  the  use  of  trigonometric  functions. 

The  sine-wave  can  be  represented  also  by  its  rectangular  co- 
ordinates, a  and  b  (Fig.  3),  where ; 
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a  =  C  cos  w 

b  =  C  sin  a> 

Here  a  and  J  are  the  two  rectangular  components  of  the  sine- 
loawe. 

This  representation  of  the  sine-waves  by  their  rectangular 
components  a  and  b  is  very  useful  in  so  far  as  it  avoids  the  use  of 
trigonometric  functions.  To  combine  sine-waves,  we  have  sim- 
ply to  add  or  subtract  their  rectangular  components.  For 
instance,  if  a  and  b  are  the  rectangular  components  of  one  sine- 
wave,  a1  and  bl  those  of  another,  the  resultant  or  combined  sine- 
wave  has  the  rectangular  components  a  +  a1  and  b  +  b\ 

To  distinguish  the  horizontal  and  the  vertical  components  of 
sine-waves,  so  as  not  to  mix  them  up  in  a  calculation  of  any 
greater  length,  we  may  mark  the  ones,  for  instance,  the  vertical 
components,  by  a  distinguishing  index,  as  for  instance,  by  the 
addition  of  the  letter^',  and  may  thus  represent  the  sine-wave  by 
the  expression : 

a+jb 

which  means,  that  a  is  the  horizontal,  b  the  vertical  component 
of  the  sine-wave,  and  both  are  combined  to  the  resultant  wave : 

which  has  the  phase : 

♦       -       * 
tan  (o  =  -. 

« 
Analogous,  a  — jb  means  a  sine-wave  with  a  as  horizontal, 

and  —  b  as  vertical  component,  etc. 

For  the  first,^*  is  nothing  but  a  distinguishing  index  without 
numerical  meaning. 

A  wave,  differing  in  phase  from  the  wave  a  -\-j  b  by  180°,  or 
one-half  period,  is  represented  in  polar  coordinates  by  a  vector 
of  opposite  direction,  hence  denoted  by  the  algebraic  expression : 
—  a  —j  b. 

This  means : 

"  Multiplying  the  algebraic  expression  a  -f-  jb  of  the  sine- 
wave  by  —  1,  means  reversing  the  wave,  or  rotating  it  by  180°  = 
one-half  period. 

A  wave  of  equal  strength,  but  lagging  90°  =  one-quarter 
period  behind  a  -\-j  J,  has  the  horizontal  component  —  ft,  and 
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the  vertical  component  a,  hence  is  represented  algebraically  by 
the  symbol : 

j  a  —  b. 

Multiplying,  however ;  a  -\-  j  b  byj,  we  get: 

j  a+fb 

hence,  if  we  define  the — until  now  meaningless — symbol  j  so,  as 
to  say,  that : 

f  =  - 1 

hence :  j  (a  +.?"  b)  =  j  a  —  b, 

we  have : 

"  MvMipling  the  algebraic  expression  a-\-jbof  the  sine-wave 
by  j,  means  rotating  the  wave  by  90°,  or  one-quarter  period,  that 
is,  retarding  the  wave  by  one-quarter  period  " 

In  the  same  way : 

"  Multiplying  by  —  j,  means  advancing  the  wave  by  one- 
quarter  period" 

j2  =  —  1  means: 

j  =   |/ i,  that  is: 

"j  is  the  imaginary  unit,  and  the  sine-wave  is  represented  by  a 
complex  imaginary  qucmtity  a  -\-  j  b" 

Herefrom  we  get  the  result : 

"  In  the  polar  diagram  of  time,  the  sim&wa/oe  is  represented 
in  intensity  as  well  as  phase  by  one  complex  quantity: 

where  a  is  the  horizontal,  b  the  vertical  component  of  the  wave, 
the  intensity  is  given  by :   C  =   Va2  +  #*  • 

cmd  the  phase  by:  tan  <b  =  -, 

*  a 

a/nd  it  is:  a  =  C  cos  a> 

b  =  C  sin  to 
hence  the  wave:  a  -\-j  b  ca/n  also  be  expressed  by: 

£7  (cos  c5  -\-j  sin  <3)." 

Since  we  have  seen  that  sine-waves  are  combined  by  adding 
their  rectangular  components,  we  have  : 

"  Sine-waves  are  combined  by  adding  their  complex  algebraic 
expressions" 

For  instance,  the  sine-waves : 

a+jb 
and  a1  -\-j  bx 
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combined  give  the  wave : 

A  +j  B  =  {a  +  a»)  +j  (b  +  V). 

As  seen,  the  combination  of  sine-waves  is  reduced  hereby  to 
the  elementary  algebra  of  complex  quantities. 

If  C  =  c  -\-j  cl  is  a  sine-wave  of  alternate  current,  and  r  is 
the  resistance,  the  e.  h.  f.  consumed  by  the  resistance  is  in  phase 
with  the  current,  and  equal  to  current  times  resistance,  hence 
it  is: 

r  C  =  r  o  +  j  r  cx> 

If  L  is  the  "  coefficient  of  self -induction/'  or  s  =  2  n  N  L 
the  "  inductive  resistance "  or  "  ohmic  inductance,"  which  in 
the  following  shall  be  called  the  "  inductance,"  the  b.  m.  f.  pro- 
duced by  the  inductance  (counter  e.  m.  f.  of  self-induction)  is 
equal  to  current  times  inductance,  and  lags  90°  behind  the  cur- 
rent, hence  it  is  represented  by  the  algebraic  expression : 

jsC 

and  the  e.  h.  f.  required  to  overcome  the  inductance  is  conse- 
quently : 

—J  90 

that  is,  90°  ahead  of  the  current  (or,  in  the  usual  expression,  the 
current  lags  90°  behind  the  e.  m.  f.). 

Hence,  the  e.  m.  f.  required  to  overcome  the  resistance  r  and 
the  inductance  s  is  : 

(r-J8)C 
that  is : 

"  /  =  r  — j  %  is  the  expression  of  the  impedance,  in  complex 
quantities,  where  r  =  resistance,  s  =  2  iz  N L  =  vnductcmce" 

Hence,  if  C  =  c  -\-j  c1  is  the  current,  the  e.  m.  f.  required  to 
overcome  the  impedance  /  =  r  — j  s  is : 

E  =  /  C  =  (r  — j  s)  (c  ~\-j  01),  hence,  since  ^  =  —  1 : 

=  (r  c  -\-  s  c1)  -\-j  (r  cl  —  s  c) 

or,  if  E  =  e  -{-j  el  is  the  impressed  e.  m.  f.,  and  I  =  r  — j  s  is 
the  impedance,  the  current  flowing  through  the  circuit  is : 

c-E  ~e+jeX 

1        r  —j  s 

or,  multiplying  numerator  and  denominator  by  (r  -\-  j  s),  to  elim- 
inate the  imaginary  from  the  denominator : 

_  (e  +j  el)  (r  -\-j  s)  _  e  r  —  el  s         .  ex  r  +  e  s 
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If  JT  is  the  capacity  of  a  condenser,  connected  in  series  into 
a  circuit  of  current  C  =  c  -\-  j  c1,  the  b.  m.  f.  impressed  upon 

C 

the  terminals  of   the  condenser  is  E  =  x — i^~es  and  lags  90° 

behind  the  current,  hence  represented  by  : 

Q 

i 

where  k  =  « — ~W~KCISLri  ^e  ^^  *^e  "  capacity  inductance  " 

or  simply  "inductance"  of  the  condenser.  Capacity  induc- 
tance is  of  opposite  sign  to  magnetic  inductance. 

That  means : 

"  If  r  ■=  resistance, 

L  =  coefficient  of  self-induction ,  hence  s  =  2  iz  N  L  =  in- 
ductance, 

K  =  capacity,  hence  k  =  -5 — ^  tt  =  capacity  inductance, 

1=  r  — j  (s  —  k)  is  the  impedance  of  the  circuit,  and  Ohm's 
law  is  re-established : 

F=  1  C, 


c  = 

E 

T 

1  = 

E 

in  a  more  general  form,  however,  giving  not  only  the  intensity, 
but  also  the  phase  of  the  sine-waves,  by  their  expression  in  com- 
plex quantities" 

In  the  following  we  shall  outline  the  application  of  complex 
quantities  to  various  problems  of  alternate  and  polyphase  cur- 
rents, and  shall  show  that  these  complex  quantities  can  be  ope- 
rated upon  like  ordinary  algebraic  numbers,  so  that  for  the  solu- 
tion of  most  of  the  problems  of  alternate  and  polyphase  cur- 
rents, elementary  algebra  is  sufficient. 

Algebraic  operations  with  complex  qua/ntities; 

a  -(-  j  b  =  e  (cos  a>  -(-  j  sin  <o) 


e=   Va%  +  b\ 
b 


tan  o>  =  a 
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If  a  -f  j  ft  =  a1  +y  J1,  it  must  be:  a  =  a1,  ft  =  ft1. 
Addition  and  subtraction : 

{a  +j  b)  ±  (a'  +j  ft1)  =  (a  ±  a>)  +j  (ft  ±  ft1). 

Multiplication : 

(a  +j  ft)  (a1  +j  ft1)  =  (a  a1  —  ft  ft1)  +j  (a  ft1  +  ft  a1). 

Division : 

^+/ft  _  (a+jh)(tf—  jbx)  __ aax  +  bbl       .alb  —  abl 
ai+jfr-  a12  +  b12  ~~  a12  +  ft12+^  a{*  +  bir 

Difference  of  phase  between  : 

a  +  j  ft  =  c  (cos  c5  -|-  j  sin  <5)  and, 
a1  -\-j  ft1  =  c1  (cos  w1  -\-j  sin  a*1) : 

ft1  _  ft 

tan  «*  —  tan  to      a1  ~  a  _  g  ft1  — ft  a1 
tan(^1-aJ)=1+tan^tan^T= n?~««l+*»1' 

1  +  — i 
1  a  a 

Multiplication  by  —  1  means  reversion,  or  rotation  by  180°  = 
one-half  period. 

Multiplication  by  j  means  rotation  by  90°,  or  retardation  by 
one-quarter  period. 

Multiplication  by  —  j  means  rotation  by  —  90°,  or  advance 
by  one-quarter  period. 

Multiplication  by  cos  a>  -\-j  sin  a>  means  rotation  by  angle  <o. 

II.    Circuits  Containing   Resistance,   Inductance  and 

Capacity. 
Having  now  established  Ohm's  law  as  the  fundamental  law  of 
alternate  currents,  in  its  complex  form  : 

E=  IC, 

where  it  represents  not  only  the  intensity,  but  the  phase  of  the 
electric  quantities  also,  we  can  by  simple  application  of  Ohm's  law 
— in  the  same  way  as  in  continuous  current  circuits,  keeping  in 
mind,  however,  that  .ST,  (7, /are  complex  quantities — dissolve  and 
calculate  any  alternate  current  circuit,  or  network  of  circuits, 
containing  resistance,  inductance,  or  capacity  in  any  combination, 
without  meeting  with  greater  difficulties  than  are  met  with  in 
continuous  current  circuits.  Indeed,  the  continuous  current  dis- 
tribution appears  as  a  particular  case  of  the  general  problem, 
characterized  by  the  disappearance  of  all  imaginary  terms. 
As  an  instance,  we  shall  apply  this  method  to  an  inductive 
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ovrvuity  shunted  by  a  condenser }  cmd  fed  through  vnductwe 
mams,  upon  which  a  constant  alternate  e.  m.  f.  is  impressed,  as 
shown  diagraramatically  in  Fig.  4. 
Let  r  =  resistance, 

Z  =  coefficient  of  self-induction,  hence 
s  =  2  n  N  L  =  inductance,  and : 
/  =  r  — j  s  =  impedance  of  consumer  circuit. 
Let  rx  =  resistance  of  condenser  leads, 
JT=  capacity,  hence 

h  =  - — jr—^  =  capacity  inductance,  and : 
2  it  JS  Jl 

1 1  =  rx  -\-j  Jc  =  impedance  of  condenser  circuit. 

Letr0  =  resistance, 

Z0  =  coefficient  of  self-induction,  hence 

s0  =  2  7T  N Lq  =  inductance,  and: 


'TW 


vm- 


Pig.  4. 

70  =  r  — j  *0  =  impedance  of  the  two  main  leads. 
Let  Eq  =  e.  m.  f.  impressed  upon  the  circuit. 
We  have  then,  if ,  E  =  e.  m.  f.  at  end6  of  main  leads,  or  at 
terminals  of  consumer  and  condenser  circuit  : 

Current  in  consumer  circuit,  C  =  -= 


Current  in  condenser  circuit,  Cx  = 


E_ 
A 


Hence,  total  current, 


c,=  c+cx  =  e(1t  +  ^ 

e.m.f.  consumed  in  main  leads  i?1  =  C0  I0  =  £ l—r  "4"  -r) 
Hence,  total  b.  m.  f.  Eh  =  3+F1=f\  1  +4+-£  J 
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or,  k.  m.  f.  at  end  of  main  leads,   E  =   T   t   — 2   T  x — j^r- 

I0  I  +  I0  Ix  -+-  I  Ix 

e.  m.  f.  consumed  by  main  leads,  .E*1  =  -^ — /°,    V  r    — *t-f 

V  VI 

Current  in  consumer  circuit,     C  =  — =-  =  °    * 


/  1,1+1,1,+  II, 


/r*  VI 

Current  in  condenser  circuit,  Cx  =  -=^  =  ^       — y-iL — r — y-j 

To*!  .««  «  -  _ff  +  fl  -  7<f*  %},?„, 

Substituting  herein  the  values, 

Z>  =  *o  — i  *o 
I  =i  r  —  j  s 

and,  /0  7+  I0  Ix  +  I  Ix  =  a  —j  J, 

where,  a  =  r0  r  -f-  rQ  rx  +  r  rt  —  *0  *  +  *0  k  +  *  * 

J  =  *0  r  +  *0  rx  +  *  *i  +  *  *o  —  *\>  *  —  r  * 
we  get 


+ 


|  (r,  a  —  Jc  b)  +j  (r,  J  +  *  a)  1 


/T  

As  an  instance,  we  may  consider  the  case : 

E0  =  100  volts, 

r0  =  1    ohm  )            r  =  2    ohm  )  rt  =  0             ) 

*.  =  10  ohm  J            s  =  10  ohm  i  *  =  20  ohm  I 

70  =  1  — 10.;           7=2  —  10,;  7,  =  20.; 

hence  a  =  302 

J  =  —30 

Substituting  these  values,  we  get, 

E0  =  100, 

E  =  68.0  (.98  +  .17  J), 

Ex  =  35.1  (.94  —  .34^, 

C  =    6.6  (.10  +  .99  j)t 
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Cx  =    3.4  (.17  —  .98  j), 
<70  =    3.4  (.37 +  .93^), 

where  the  complex  quantities  are  represented  in  the  form  c  (cos 
w  +  j  sin  &\  so  that  the  numerical  value  in  front  of  the  paren- 
thesis gives  the  effective  intensity,  the  parenthesis  gives  the  phass 
of  the  alternate  current  or  e.  m.  f. 

This  means:  Of  the  100  volts  impressed,  35.1  volts  are  con- 
sumed by  the  leads,  and  68.0  volts  left  at  the  end  of  the  line. 

The  main  current  of  3.4  amperes  divides  into  the  consumer 
current  of  6.6  amperes,  and  the  condenser  current  of  3.4 
amperes. 

Increasing,  however,  the  capacity  iT,  that  is  reducing  the  capac- 
ity inductance  to  h  =  10,  or  Ix  =  10  j,  we  get : 

a  =  102, 

b  =0. 
Hence :  E0  =  100, 

E  =  100  (.98 +  .20^, 
jF1  =  19.9  (.10  —  .99  j), 
C   =  9.8  j, 
Cx  =  10  (.20  —  .98/), 
C0  =  1.98. 

Here,  though  the  leads  consume  19.9  volts,  still  the  full 
potential  of  100  volts  is  left  at  their  end. 

1.98  amperes  in  the  main  line  divide  into  two  branch  currents, 
of  9.8  and  of  10  amperes.  We  have  here  one  of  the  frequent 
cases,  where  one  alternate  current  divides  into  two  branches,  so 
that  either  branch  current  is  larger  than  the  undivided  or  total 
current. 

Increasing  the  capacity  still  further  to  h  =  5,  or  Ix  =  5/, 
gives: 

a  =  2, 
h  =  15. 

Hence:  E0  —  100, 

E  =337  (.32  —  .95./), 
El  =  31S(—.03+j\ 
C  =  88.0  (.99  + 18  j), 
Cx  =  96.3  (1  +  .06  j). 
C0  =  63.6(1  +  .03/), 

That  means,  in  the  leads  self-induction  consumes  an  e.  m.  f.  of 
318  volts,  and  still  337  volts  exist  at  the  end  of  the  line,  giving 
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a  rise  of  potential  in  the  leads  of  237  volts,  due  to  the  combined 
effect  of  self-induction  and  capacity. 

The  main  current  of  63.6  amperes  divides  into  the  two  branch 
currents  of  33.0  and  96.3  amperes. 

The  current  which  passes  over  the  line  is  far  larger  than  the 
current  which  in  the  absence  of  capacity  would  be  permitted  by 
the  dead  resistance  of  the  line.  While  in  this  case  63.6  amperes 
flow  over  the  line,  a  continuous  e.  m.  f.  of  100  volts  would  send 

only  — -?—  =  33.3  amperes  over  the  line ;  and  with  an  alter- 

nating  e.  m.  f.,  but  without  capacity  the  current  would  be  limited 
to  4.95  amperes  only,  since  in  this  case : 

C  -  , ,  E° ., =  ,   10°    .  =  4.95  (.15 +  .99./). 

°°-(ro  +  r)-j{80  +  s)  -8  — aoy  V      ^       J) 

Even  by  short-circuiting  the  line,  we  get  only : 

C0  = **-  =  i T7T-  =  10  (.1  +  .99  i), 

*\>  — J  *o      1  —  10,;  v      '        Jh 

or  10  amperes  over  the  line. 

Hence  we  have  in  this  arrangement  of  a  condenser  shunted  to 
the  inductive  circuit  and  fed  by  inductive  mains,  the  curious  re- 
sult that  a  short-circuit  at  the  terminals  of  the  consumer  circuit 
reduces  the  line  current  to  about  one-sixth. 

As  a  further  instance,  we  may  consider  the  problem  : 

"  What  is  the  maximum  power  which  can  be  transmitted  over 
an  inductive  line  into  a  nonri?iductive  resistance,  as  lights,  and 
how  far  can  this  output  be  increased  by  the  use  of'  shunted 
capacity." 

Let,  r0  =.  resistance, 

80  =  inductance, 
hence,  I0  =  r0  — j  sQ  =  impedance  of  the  line. 

Let  r  =  resistance  of  the  consumer  circuit,  which  is  shunted 
by  the  capacity  inductance  k. 

r  and  k  are  to  be  determined  as  to  make  the  power  in  the 
receiving  circuit :  Cl  r,  a  maximum. 

In   a  continuous  current  circuit    the    maximum   output  is 

F 

reached,  if  r  =  rOJ  or  E  =  -^,  where  E0  is  the  e.  m.  f.  at  the 

En 
beginning,  E  the  e.  m.  f.  at  the  end  of  the  line,  and  C  =  ^ 

hence: 


^ 
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P  =  j-^-  the  maximum  output  at  efficiency  50  per  cent. 

Hence,  if  E0  =  100,  r0  =  1,  it  is :  P  =  2,500  watts. 

Very  much  less  is  the  maximum  output  of  an  alternate  cur- 
rent ciremt.  With  an  alternate  e.  m.  f.  E0,  but  without  the  use 
of  a  condenser,  the  impedance  of  the  whole  circuit  is: 

l  =  r0  +  r—  j  soy 

u  ^  *     n       E»       Kkr*  +  r—  j  8Q) 

hence  the  current :  6  =  -7-  =  — 7 — .     ^  .      i 

1  [r0  -f-  ry  -f-  *0 

= _jg> j  r0  +  r      _  *0  > 

♦V.  +  *?  +  *.*  I  V(r.  +  rf  +  «.*      ^  ^.  +  r)P  +  s*  J 
the  e.  m.  f.  at  end  of  line : 


E=Cr- 


V(r.+ry+«.»  I  •('vM-H,1^  ♦/(*vM,+ 


^ 


hence  the  power :  P  =  E  G  =  -, — _i_  _\»  _i_  .  f 

v  o  TV   T  *o 

The  condition  of  maximum  output  is, 

8r 

that  is, 

0  =  (r  +  *o)*  +  *o2  —  2  r  (*•  +  r0),  or, 

r2  =  ^o8  +  *o*, 


r   =    4/  7-02  +  *02, 
and  the  maximum  output  is, 

JEL* 


P  = 


2K+   V  r*  +  s*\ 
at  the  efficiency, 


r  V  ro  ~r  *o 


'o  +  *  f0  +    V'  *V*  -t"  V 

In  the  instance,  EQ  =  100,  /»0  =  1,  s0  =  10  is : 

-P  =  453  watts,  against  2,500  watts  with  continuous  currents. 
If,  however,  we  shunt  the  receiver  circuit  by  capacity  induc- 
tance k,  we  have, 

Leads,  I0  =  r0  — j  *0, 

Consumer  circuit,         /   =  r,  8  =  0, 

Condenser  circuit,        Ix  =  ^  A;,  ^  =  O, 

hence,  by  substituting  in  the  equations  derived  in  the  first  part 
of  this  chapter, 
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«  =  *\>  r  +  s0  k 

b  =  sor  —  k(r0  +  r) 

and'  *=^<-*+->'">> 

or,  substituting, 

.  a 

tan  01  =  —  ^=- 

o 

E  k 
and,  C  =   ^  g  *      y  (cos  <5  +y  sin  S) 

E  kr 

hence,  power, 

p  _  CEz=1  E*Vt  = i£8ffr 

a*  +  P       (*o  r  +  *©  ^)a  +  (*o  r  —  A  *©  —  *  rf 
The  condition  of  the  maximum  output  P  is, 

or  ok 

that  is, 

#  \r*  +  *■)  =  •*  W  +  [*  -  *]*)  *  *o  =  r*  +  *0> 
hence, 

*  = 


-  ^  +  V 


substituting  this  in  P,  we  get : 

J3  =  ° 


2 


the  same  condition  as  for  continuous  current. 

That  means, 

*' No  matter  how  large  the  self -induction  of  an  alternating 
current  circuit  is,  by  a  proper  use  of  shunted  capacity  the  out- 
put of  the  circuit  can  always  be  raised  to  the  same  as  for  con- 
tinuous  currents  /  that  is,  the  effect  of  self-induction  upon  the 
output  can  entirely  and  completely  be  omnihilated" 
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III.     The  Alternate  Current  Transformer. 

A.     General  Remarks. 

In  the  coils  of  an  alternate  current  transformer,  e.  m.  f.  is  in- 
duced by  the  alternations  of  the  magnetism,  which  is  produced 
by  the  combined  magnetizing  effect  of  primary  and  secondary 
current. 

If,  M  =  maximum  magnetism, 

IT  =  frequency  (complete  cycles  per  second), 
n  =  number  of  turns, 
the  effective  intensity  of  the  induced  e.  m.  f.   is, 

E=   V  2~-  n  N  M  10-8 
=  4.44  n  N  M  lO"8 
Hence,  if  e.  m.  f.,  frequency  and  number  of  turns  are  given, 
or  chosen,  this  formula  gives  the  maximum  magnetism, 

V  2  n  n  N 

To  produce  the  magnetism  M  of  the  transformer,  a  m.  m.  f. 
Fv&  required,  which  is  determined  from  the  shape  and  the  mag- 
netic characteristic  of  the  iron,  in  the  usual  manner. 

At  no  load,  or  open  secondary  circuit,  the  m.  m.  f.  F\s  fur- 
nished by  the  u exciting  current,"  improperly  called  the  "leakage 
current." 

The  energy  of  this  current  is  the  energy  consumed  by  hystere- 
sis and  eddy-currents  in  the  iron ;   its  intensity  represents   the 

M.  M.  F. 

This  current  is  -not  a  sine-wave,  but  is  distorted  by  hysteresis. 
It  reaches  its  maximum  together  with  the  maximum  of  magnet- 
ism, but  passes  through  zero  long  before  the  magnetism. 

This  exciting  current  can  be  dissolved  in  two  components: 
a  si  tie-wave  C^  of  equal  intensity  and  equal  power  with  the  ex- 
citing current,  and  a  wattless  complex  higher  harmonic. 

Practically  this  separation  is  made  by  the  electro-dynamometer. 
Connecting  ammeter,  voltmeter  and  wattmeter  into  the 
primary  of  an  alternate  current  transformer,  at  open  secondary 
circuit  the  instrument  readings  give  the  current  000  in  intensity 
and  phase,  but  suppress  the  higher  harmonics. 

In  Fig.  5  such  a  wave  is  shown  in  rectangular  coordinates. 
The  sine- wave  of  magnetism  is  represented  by  the  dotted  curve 
My  the  exciting  current  by  the  distorted  curve  c,  which  is  sepa- 
rated into  the  sine-wave  C^  and  the  higher  harmonic  C. 
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As  seen,  the  higher  harmonic  is  small,  even  in  a  closed  circuit 
transformer,  compared  with  the  exciting  current  (7oo,  and  since 
Cm  itself  is  only  a  few  per  cent,  of  the  whole  primary  current, 
the  higher  harmonic  can  for  all  practical  purposes  be  suppressed. 

All  tests  made  on  transformers  by  electro-dynamometer 
methods  suppress  the  higher  harmonic  anyway. 

Representing  the  exciting  current  by  a  sine-wave  C00  of  equal 
effective  intensity  and  equal  power  with  the  distorted  wave,  the 
exciting  current  is  advanced  in  phase  against  the  magnetism  by 
an  angle  a,  which  may  be  called  the  "  angle  of  hysteretic  ad- 
vcmce  of  phase."  This  angle  a  is  very  small  in  all  open  circuit 
transformers,  but  may  be  as  large  as  40°  to  50°  in  closed  circuit 
transformers. 


Fig.  5. 

We  can  now  in  the  usual  manner  dissolve  the  sine-wave  of  ex- 
citing current  CO0  into  its  two  rectangular  components : 

A,  the  "hysteretic  energy  current"  at  right  angles  with  the 
magnetism,  hence  in  phase  with  the  induced  e.  m.  f.,  and,  there- 
fore representing  consumption  of  energy  ;  and, 

g,  the  "  magnetizing  current "  in  phase  with  the  magnetism, 
hence  at  right  angles  with  the  induced  e.  m.  f.,  and,  therefore, 
wattless. 

h  =  Cqo  sin  a,  and  can  be  calculated  from  the  loss  of  energy 

by  hysteresis  (and  eddies),  for  it  is : 

,  energy  consumed  by  hysteresis 

primary  k.  m.  f.  ' 
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And  since  CQ0  can  be  calculated  from  shape  and  characteristic 
of  the  iron,  the  angle  of  hysteretic  advance  of  phase  a  is  given 
by: 

h 


sin  a  = 


a 


oo 


The  magnetizing  current  g  =  C00  cos  a  does  not  consume 
energy  (except  by  resistance),  and  can  be  supplied  by  a  condenser 
of  suitable  capacity  shunted  to  the  transformer. 

Since  in  the  closed  circuit  transformer  A,  which  cannot  be 
supplied  by  a  condenser,  is  not  much  smaller  than  C^,  there  is 
no  advantage  in  using  a  condenser  on  a  closed  circuit  transformer. 
In  an  open  circuit  transformer,  however,  or  transformer  motor, 
600  is  very  much  larger  than  A,  and  a  condenser  may  be  of  ad- 
vantage in  reducing  the  exciting  current  from  (700  to  h. 

B. — The  Closed  Circuit  Lighting  Transformer. 

The  alternate  current  transformer  with  closed  magnetic  cir- 
cuit, when  feeding  into  a  non-inductive  resistance,  as  lights,  can 
be  characterized  by  four  constants  : 

p  =  resistance  loss  as  fraction  of  the  total  transformed  power : 

resistance  loss 


.0  = 


at  full  load. 


total  power 
e  =  hysteretic  loss  as  fraction  of  the  total  transformed  power : 

hysteretic  loss    ,.1.111      3 

e  =    iLoi  ™m„    at  full  load, 
total  power 

a  =  e.  m.  f.  of  self-induction  as  fraction  of  total  e.  m.  f.  : 

self-induction 


a  = 


at  full  load. 


total  £.  M.  F. 

r  =  magnetizing  current  as  fraction  of  total  current : 

magnetizing  current     ,   -   „  ,      , 

■    T  =  — ,„+oi  „*nt —  at  full  l°ad. 
total  current 

Denoting 

In  primary :         In  secondary  : 

n0  and  nx  =  number  of  turns. 


r„ 

u 

r, 

=  resistances. 

c0 

u 

l\ 

=  currents. 

K 

a 

Ex 

=  induced  e.  m.  f.'s. 

K 

a 

K 

=  e.  m.  f.'s  at  terminals 

<?„' 

u 

cy 

=  currents  at  full  load. 

we  have  then : 

p  = 

F      • 

x' 0  '0 
F' 
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a  =  tt>,  where 

S  =  magnetism  leaking  between  primary  and  secondary. 
M  =  magnetism  surrounding  both  primary  and  secondary. 

A 

Hence  at  the  fraction  &  of  fnll  lead. 

choosing  the  induced  e.  m.  f.  as  the  real  axis  of  coordinates, 
the  magnetism  as  the  imaginary  axis  of  coordinates),  we  have, 
Primary  exciting  current,         C^  =  h  -f-  j  g 

Primary  current  correspond- )  p    __  **i   /> 
ing  to  secondary  current  Ci,      S  n0 

hence,  total  primary  current,       CQ    =  (7+  C^  =  -i  Cx  +  h  -\-j  •/ 

and,  ratio  of  currents,  -°  =  — *  +       >T 

Since,  however, 


n0  "  »0  d- 


we  hare,  substituted, 
Ratio  of  Currents. 

a 


_  -  }±  i  1+  e  -1-  ,•  I_  I 
^1  ~  ».  I         *         *  » 


=  Vl  \/Yl  +  4  )  +  (  i  )  or,  for  medium  and  large  load, 

The  e.  m.  f.  at  the  secondary  terminals  is, 

E,  =  F,  -  CI  v,  =  E,  |l-/»4  j 
at  the  primary  terminals, 

£"=  ^0  +  C0  (r0  -i  «.)  =  £•„  j  1  +  />  -*  -.;  <r  i> 
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hence,  since  E0  =  —  Ex  , 


Ratio  of  b.  m.  f.'*  at  terminals. 

Difference  of  phase  <L  between  e.  m.  f.  at  primary  terminals 
and  primary  currents. 

Since  we  have  seen,  that  multiplying  a  complex  quantity  by 
(cos  to  -f-  j  8in  ^)j  nieans  rotating  its  vector  by  angle  to,  the 
difference  of  phase  between  primary  current  and  e.  m.  f.,  d>  is, 
given  by, 

C0  =  a  (cos  (o  -f-  j  sin  w)  E 

C 
or,  a  (cos  a;  +  j  sin  o>)  =  -^ 

where  w  is  the  difference  of  phase,  and  a  a  constant. 

Since  in  the  present  case  the  secondary  current  is  in  phase 

with  the  secondary  e.  m.  f.,  it  is,  b  =  -£- 

combining  this  with  the  foregoing,  we  have, 

a  b  (cos  <L  +  j  sin  w)  =  —£  -A 

C\     K 

1  +1  +  j- 
\n0)  1  +  pO—jotf 

hence, 

•*■'■*  =  (£)'(" +  r) 

and, 

Difference  of  phase  between  primary  current  and  e.  m.  f.  o£ 
terminal  s. 

tan  «i  =  <x  #  4-  — 
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hence : 

"  With  varying  load  #,  the  difference  of  phase  u>  or  the  lag, 

first  decreases,  reaches  a  minimum  at  a  d  =  —  or  &  =  \J  —  , 

tr  a 

and  afterwards  increases  again" 

At  light  loads  it  is  mainly  the  magnetizing  current  r,  at  large 
load  the  self-induction  a,  which  determine  the  lag. 

The  formula,  tan  w  =  a  #  +  —  is  only  an  approximation,  and 

ceases  to  hold  for  any  light  load,  where  we  have  to  use  the 
complete  expression. 

tan  to  =  


i  -  Pl  *  +  ± 


The  efficiency  is,  1  —  ( p  d  +  -4  ),  and  the 
Loss  coefficient,  p  &  -f  -i. 

zr 

hence  a  minimum  at,  #  =  \f  — ,  the  point  of  maximum  efficiency. 

P 
Let,  as  an  instance,  be : 

!L°  =  10  />  =  .02  e  =  .03 

%  a  =  .06  r  =  .08 

hence, 

at  full  load,  #  =  1, 

*£  =  .1  (1  +  .03  +  .0032)  =  .1033 

^  =  10  (1  +  .02  +  .0018)  =  10.22 

tan  io  =  .06  +  .08  =  .14,  or,  w  =  8°, 

energy  factor,  cos  w  =  .99 
at  100$  overload,  &  =  2, 

-^?  =  .1  (1  +  .015  +  .0008)  =  .1016 

4?  =  10  (1  +  .04  +  .0072)  =  10.47 
A 


1 
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tan  <o  =  .12  +  .04  =  .16,  or,  w  9°, 

energy  factor,  cos  w  =  .99 

at  one-half  load : 

fi 

#  =  .5 :  -jt  =  .1  (1  +  .06  +  .0128)  =  .1073. 

E 

^  =  10  (1  +  .01  +  .0005)  =  10.11. 

tan<5=.03+.16=.19,  or  w=ll°, energy  factor:  cosft>=.98. 

at  one-tenth  load : 
n 
-fi  =  1  (1  +  .3  +  .32)  =  .162. 

or  more  exactly, 


=  .1   |/(1  +  Xf  +  .82  =  .153. 

E 

-p  =  10  (1  +  .002  +  .0000)  =  10.02. 

tan  w  =  .006  -f  .8  =  .806. 
or  more  exactly, 

=  ij_  (w)04_  q=*^  or  w=32°,  energy  factor:  cos  w=.85, 

at  open  secondary : 

08 
tan  a*  =  ttq  =  2.67,  or  <J  =  70°,  energy  factor:  cos  t*>  =  .34, 

the  minimum  lag  takes  place  at : 

#  =  \/^  =  1.155, 
.06 

or  15£  percent,  overload,  and  is: 

tancJ=.0693+.0693=.1386,or  w=7.9°,energy  factor:  cos<*=.99, 

the  efficiency  is  a  maximum  at : 

&  =  \/—  =  1.225. 
.02 

or  22£  per  cent,  overload,  and  is  : 

1  —  .0245  —  .0245  =  .951,  or  95.1  per  cent. 

C. — General  Equations  of  Alternate  Current  Transformer. 

The  foregoing  considerations  will  apply  strictly  only  to  the 
closed  circuit  transformer,  where  />,  a2,  e,  r2  are  so  small  that  their 
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products  and  higher  powers  may  be  neglected  when  feeding  into 
a  non-inductive  resistance. 

The  open  circuit  transformer,  and  in  general  the  transformer 
feeding  into  an  inductive  circuit — in  which  case  a  and  r  become 
of  greatly  increased  importance — requires  a  fuller  consideration. 
Let: 
n0  and  nx  =  number  of  turns, 
r0    "    rx  =  resistance, 

80  =  2x  N  Z0  and  8X  =  2  tt  N  Lx  =  self-inductances,  hence : 
I0  =  7*0  — j  80  and  lx  =  rx  — j  8X  =  impedances  of  the  two 
transformer  coils. 

The  secondary  terminals  may  be  connected  to  a  circuit  of  re- 
sistance R  and  inductance  S,  hence  of  impedance  /=  R  —  j  S. 

Then  we  have : 
Magnetism :  j  M. 

Secondary  induced  e.  m.  f.  :  Ex  =    1^2?  nx  N  M 10     . 
Primary  induced  e.  m.  f.  :   EQ  =   \  2  tz  n0  J\T  M 10  ~8  —   Ev 


J?  IT 

Secondary  current :  Cx  —   t\t  —  /  j?  \  ~\ — ''vo  i — \ 

or :  Cx  —  a  +  j  5, 

where : 

Ex  (li  +  r.)  _        /:',(#+«,) 


(A  +  r,)»  +  (&'  +  «,)"         "  ~  (*  +  >',)*  +  (S  +  *>»  * 
Primary  current  corresponding  hereto : 

Primary  exciting  current : 
hence,  total  primary  current : 

or:  Co  =  c  +  t;  rf, 

where : 

herefrom  we  get : 
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P  =  j-2-  the  maximum  output  at  efficiency  50  per  cent. 

*  r0 

Hence,  if  E0  =  100,  r0  =  1,  it  is :  P  =  2,500  watts. 

Very  much  less  is  the  maximum  output  of  an  alternate  cur- 
rent circuit  With  an  alternate  k.  m.  f.  Eoy  but  without  the  use 
of  a  condenser,  the  impedance  of  the  whole  circuit  is: 

7  =  r0  +  7-—  j  s„ 

k  ^  *     n       E°       Eo{ro  +  r—  j  80) 

hence  the  current :  6  =  —r  =  — -, —  .     ^  ,      % 

"l/(r7+7 )8  +  ^oa  t   ♦'(r.+  ff  +  V""  ^o  + ')' +  *oM 
the  e.  m.  f.  at  end  of  line  : 


JE=Cr- 


E*r         (        r0  +  r         ,    .  4 


hence  the  power :  P=zJEC=  ,      ■  ^a  ,      a- 
The  condition  of  maximum  output  is, 

that  is, 

0  =  (r  +  r0)>  +  V—  2  r  (r  +  r0),or, 

r2  =  r0*  +  V, 


r  =    V  /-o2  +  *o2, 
and  the  maximum  output  is, 

22* 


P  = 


r  *  r*  +  *02 


at  the  efficiency,      .  _ 

>o  +  *       ^0  +   *  ^  -f-  V 

In  the  instance,  E0  =  100,  r0  =  1,  80  =  10  is: 

P  =  453  watts,  against  2,500  watts  with  continuous  currents. 
If,  however,  we  shunt  the  receiver  circuit  by  capacity  induc- 
tance &,  we  have, 

Leads,  I0  =  r0  — j  *0, 

Consumer  circuit,         /   =  r,  8  =  0, 

Condenser  circuit,        Ix  =  j  k,  rx  =  O, 

hence,  by  substituting  in  the  equations  derived  in  the  first  part 
of  this  chapter, 
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a  =  r0  r  +  s0  k 

b  =  s0r  —  k(r0  +  r) 

or,  substituting, 

.  a 

tan  ai  =  —  -^- 

and,  C  =   ^  g2°      y  (cos  w  +j  sin  A) 

E  k  r 

E=  Cr  =   y  J»  4-  #  ^  *  +  •?  8in  *) 

hence,  power, 

P  =  GE=  E^Vr  = E»¥r 

a9  +  V       (r0  r  +  *0  kf  +  (s0r  —  k  r0  —  k  rf 

The  condition  of  the  maximum  output  P  is, 

that  is, 

U  irS  +  O  =  f*  (r.»  +  [*  -  *  J)  *  *0  =  rc»  +  V 
hence, 

substituting  this  in  Py  we  get : 

7*  =  ° 


4r0  * 

the  same  condition  as  for  continuous  current. 

That  means, 

*  No  matter  how  large  the  sdfinduction  of  an  alternating 
current  circuit  w,  by  a  proper  use  of  shunted  capacity  the  out- 
put of  the  circuit  can  always  be  raised  to  the  same  as  for  con- 
tinuous currents  /  that  is,  the  effect  of  self  induction  upon  the 
output  can  entirely  and  completely  be  annihilated" 


68  STEINMETZ  ON  COMPLEX  QUANTITIES. 

f.'s  consumed  by  resistance  and  inductance  will,  therefore, 
change  also  from  point  to  point,  being  dependent  upon  the 
current. 

In  considering  the  effect  of  capacity,  it  is  not  permissible, 
however,  to  neglect  the  inductance,  since  in  overhead  lines  the 
inductance  is  usually  at  least  of  the  same  magnitude  as  the  con- 
denser effect,  and  is  not  negligible  in  concentric  cables  even. 
In  the  latter,  however,  and  to  a  lesser  extent  everywhere  else, 
still  other  factors  have  to  be  considered. 

The  line  consumes  not  only  currents  in  quadrature  with  the 
e.  m.  f.,  but  also  currents  in  phase  with  the  e.  m.  f. 

Since  no  insulator  has  an  infinite  resistance,  and  at  higher 
potentials  not  only  leakage,  but  even  direct  escape  of  electricity 
into  the  air  takes  place  by  "silent  discharge,"  we  have  to  recog- 
nize the  existence  of  a  current  approximately  proportional,  and 
in  phase  with  the  e.  m.  f.  of  the  line.  This  current  represents 
consumption  of  energy,  and  is  therefore  analogous  to  the  e.  m.  f. 
consumed  by  resistance,  while  the  condenser  current,  and  the  e. 
m.  f.  of  inductance  are  wattless. 

Furthermore,  the  alternate  current  passing  over  the  line  in- 
duces in  all  neighboring  conductors  secondary  currents,  which 
react  upon  the  primary  current  and  thereby  introduce  e.  m.  f.'s 
of  mutual  inductance  into  the  primary  circuit. 

Mutual  inductance  is  neither  in  phase  nor  in  quadrature  with 
the  current,  and  can,  therefore,  be  dissolved  into  an  energy  com- 
ponent  of  mutual  inductance — which  acts  like  an  increase  of  re- 
sistance— in  phase  with  the  current,  and  a  wattless  component,  in 
quadrature  with  the  current — which  decreases  the  self-inductance. 

The  mutual  inductance  is  by  no  means  negligible,  as  for  in- 
stance, its  disturbing  influence  in  telephone  circuits  shows. 

The  alternate  potential  of  the  line  induces  by  electrostatic  in- 
fluence electric  charges  in  neighboring  conductors  outside  of  the 
circuit,  which  retain  corresponding  opposite  charges  in  the  line 
wires.  This  electrostatic  influence  requires  the  expenditure  of  a 
current,  proportional  to  the  e.  m.  f.,  and  consisting  of  an  energy 
component,  in  phase  with  the  e.  m.  f.,  and  a  wattUss  component, 
in  quadrature  thereto. 

The  alternate  electro-magnetic  field  of  force,  set  up  by  the 
line  current,  causes  in  some  materials  a  loss  of  energy  by  elec- 
tromagnetic hysteresis,  requiring  the  expenditure  of  an  e.  m.  f. 
in  phase  with  the  current,  which  acts  like  an  increase  of  resis- 
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tance.  The  wattless  component  of  this  e.  m.  f.  disappears 
under  "inductance,"  or  rather  we  must  say,  that  the  hysteretic 
k.  m.  f.  is  the  energy  component  of  inductance.  This  magnetic 
hysteresis  loss  may  take  place  in  the  conductor  proper,  if  iron 
wires  are  used,  and  will  then  be  very  serious  at  high  frequencies, 
as  with  telephone  currents,  or  it  may  take  place  in  the  iron 
armor  of  the  cable,  etc. 

The  effect  of  the  "eddy  currents"  is  referred  to  already  under 
"  mutual  inductance,"  whose  energy  component  it  is. 

The  alternating  electrostatic  field  of  force,  expends  energy  in 
dielectrics  by  what  I  called  " dielectric  hysteresis"  In  concen- 
tric cables,  where  the  electrostatic  gradient  in  the  dielectric  is 
comparatively  large,  the  dielectric  hysteresis  may  at  high  poten- 
tials even  consume  more  energy  than  the  ohmic  resistance. 

The  dielectric  hysteresis  appears  in  the  circuit  as  consumption 
of  a  current,  whose  component  in  phase  with  the  e.  m.  f.  is  the 
"dielectric  energy  current" — the  component  in  quadrature  with 
the  e.  m.  f.  disappears  in  the  " condenser  current"  whose  energy 
component  the  dielectric  energy  current  is. 

Besides  this,  there  is  the  increase  of  ohmic  resistance  due  to 
unequal  distribution  of  current,  which,  however,  is  practically 
never  large  enough  to  be  noticeable. 

Hence  we  have  the  phenomena : 

Resistance — consumes  e.  m.  f.  in  phase  with  current. 

Self4nductance,  and  its  energy  component  electro-magnetic 
hysteresis. 

Mutual  inductance,  and  its  energy  component  eddy  currents. 

Leakage — consumes  current  in  phase  with  e.  m.  f. 

Capacity,  and  its  energy  component  dielectric  hysteresis. 

Influence. 

This  gives,  as  the  most  general  case,  per  unit  length  of  line ; 
e.  m.  f.'s  consumed  in  phase  with  the  current  C,  and  =  r  C, 
representing  consumption  of  energy  and  due  to : 

Resistance,  and  its  increase  by  unequal  current  distribution. 
Energy  component  of  self-induction,  or  electro-magnetic 

hysteresis. 
Energy  component   of   mutual   inductance,  or  induced 
currents. 

e.  m.  f.'s  consumed  in  quadrature  with  the  current  C,  and  = 
s  C,  being  wattless,  and  due  to : 
Sdf-vnductance. 
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Mutual  inductance. 
Currents  consumed  in  phase  with  the  e.  m.  f.  E  and  =  #  i?, 
representing  consumption  of  energy,  and  due  to  : 

Leakage  through  the  insulation,  including  silent  discharge. 
Energy  component  of  capacity ,  or  dielectric  hysteresis. 
Energy  component  of  electrostatic  influence. 
Currents  consumed  in  quadrature  with  the  e.  m.  f.  E  and  = 
x  E,  being  wattless,  and  due  to : 
Capacity. 

Electrostatic  influence. 
Hence  we  get  four  constants : 
r,  sy  #,  x. 
representing  the  coefficient,  per  unit  length  of  line,  of : 
e.  m.  f.'s  consumed  in  phase  with  current,  r. 

e.  m.  f.'s  consumed  in  quadrature  with  curreut,  s. 
Currents  consumed  in  phase  with  e.  m.  f.,  &. 

Currents  consumed  in  quadrature  with  e.  m.  f.,  x. 
This  line  we  may  assume  now  as  feeding  into  a  receiver  circuit 
of  any  description,  and  determine  current  and  e.  m.  f.  at  any 
point  of  the  circuit : 

That  is: 
e.  m.  f.  and  current  (differing  in  phase  by  any  desired  angle) 
may  be  given  at  the  terminals  of  the  receiver  circuit.     To  be 
determined  is  the'E.  m.  f.  and  the  current  at  any  point  of  the 
line,  for  instance  at  the  generator  terminals. 

Or: 
Impedance  /  =  R  — j  S  of  receiver  circuit,  and  e.  m.  f.  E0  at 
generator  terminals  are  given.     Current  and  e.  m.  f.  at  any  point 
of  circuit  are  to  be  determined,  etc. 
The  cases,  which  are  usually  and  solely  treated : 

1.  Current  =  0  at  end  of  line,  that  is  open  circuit. 

2.  e.  m.  f.  =  O  at  end  of  line,  that  is  line  grounded,  and 

3.  Line  of  infinite  length 

are  evidently  of  little  practical  interest,  but  of  importance  is 
only  the  case  of  a  line  feeding  into  an  inductive  or  non-induc- 
tive receiver  circuit. 

Of  the  four  line  constants,  r,  s,  #,  *,  usually : 
r  is  mainly  the  resistance,  per  unit  length  of  line. 
s  is  mainly  =  2r#X,  where L  =  coefficient  of  self-induction, 
per  unit  length  of  line. 
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#  is  mainly  =  -,  ,  where  i  the  insulation   resistance,  per  unit 

length  of  line. 

x  is  mainly  =  2  tz  N  K,  where  iT=  the  capacity,  per  unit  length 
of  line. 
Counting  now  the  distance  x  from  a  point  O  of  the  line,  which 
has  the  b.  m.  f.,  Ex  =  ex  +  j  *il 

the  current,  Cx  =  C\-\-j  cxl 

and  counting  x  positive  in  the  direction  of  rising  energy, 

counting  x  negative  in  the  direction  of  decreasing  energy, 
we  have  at  any  point  a?,  in  the  line  differential  d  x: 
Leakage  current,  E  &  d  x 

Capacity  current,  — j  E  x  dx 
hence,  total  current  consumed  by  d  x: 

dC  =  E(&—  jx)dx,  or: 

||=  *(*_,-»)  a.) 

e.  m.  f.  consumed  by  resistance,  Or  d  x 

e.  m.  f.  consumed  by  inductance,  — j  C  s  d  ./• 
hence,  total  e.  m.  f.  consumed  by  d  x : 

d f  E  =  C  (r  — j  s)  d  x,  or: 

^=0(rjs)  (2.) 

These  Fundamental  Differential  Equations  (I.)  and  (2.)  are 
symmetrical  in  C  and  E. 
Differentiating  these  equations : 

d*  C      dE 


d  a?       d  x 
d*  E      dO 


(»•) 


(*-.M) 

dz*        dx{r-j8) 
and  substituting  (3.)  in  (1.)  and  (2.),  gives : 

^j?=E(»-j*)(r-j,)-  (4.) 

^£=C(»-j*)(r-j,)  (5.) 

The  Differential  Equation  of  C  and  of  E. 
These  Differential  Equations  are  identical^  and  consequently 
0  and  E  a/re  functions  differing  by  their  limiting  conditions 
only. 
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These  equations  (4.)  and  (5.)  are  of  the  form : 

d2  w  /o        •  \  /         •  \ 

and  are  integrated  by : 

w  =  a  evx 

where  e  is  the  base  of  natural  logarithms. 
For,  differentiating  this,  we  get : 

d2  w 


da* 


=  v2  a  evx  =  v2  w 


hence : 


v1  =  {&—jx)(r—j  a) 


or :  v  =  ±    4/  (#  —  y  x)  (r  —  y  *) 

hence,  the  complete  integral  is ; 

w  =  a  «+"-*  +  ft  e-^ 

where  a  and  ft  are  the  two  constants  of  integration. 
Substituting : 

v  =  a  —j  ft 
in  (7.),  we  have : 

(a—j  P?  =  (*  —j  *)  (r  —j  *)<  or: 
a?  —  /?       =  &  r  —  x  8 

2  a  ft  =  <>  «  -f  x  r 


herefrom:       a2  +  /?       =    4/  (#*  +  **)  (r1  +  **) 

and :         a  =  \/  £  j  */  (^ +~^(^+*)  +  ('>  /■  —  ~*~s) 
ft  =  \/  i  \  ^FT'WFT^2)  —  (»r  —  xs) 
substituting  (9.)  in  (8.) : 

(a-j,3)x  -(a—jb)x 

w  =  a  e  -f-  ft  e 


ax 


-ax 


(6.) 


(7.) 


(8.) 


(9.) 


(10.) 


(11.) 


=  a  e   (cos  ft  x  — j  sin  ft  x)  +  &  £     (cos  ^9  ,r  -f-  ^'  sin  £  a?) 


ax 


-ax 


ax 


-ax 


w  =  (a  e    -j-  ft  e     )  cos  /9  a?  — j  (a  e    —  ft  e     )  sin  ft  x 

the  general  solution  of  differential  equations  (4.)  and  (5.) 
Differentiating  (8.)  gives : 

dw  ™      T    -™ 


(12.) 
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hence,  substituting  (9.) : 

t  ax  —ax  ax  —ax 

^=z(a—j^)\(ae   —  be     )co*px—j(ae    +  be     )sm^x  {(13.) 
a  x 

substituting  now   C  for  w,  and  substituting  (13.)  in  (1.),  and 
writing: 

(a  — j  ft)  a  =  A 

(a-jfib  =  B 

we  get  the 

General  Integral  Equations  of  the  Problem. 

-«  ax  -ax  ax  -ax 

C- — K-J(Ae   +J?e     )cos#c— j(Ae   —Be     )sin^»} 


Y  (1*0 


<t  ax  -ax  ax  -ax 

E=ir±.-\(Ae   —Be     )cospx—j(Ae   -{-Be     )sini9a?{ 
v—jx 

where  A  and  B  are  the  Constants  of  Integration. 

If :  Cx  =  <?!  +  j  cxx  is  the  current, 

Ex  =  ex  -\-j  exx  is  the  e.  m.  f.,  (15.) 

at  the  point :         x  =  O, 

We  get,  substituting  (15.)  in  (14.) 
2  A  =  j  (ac+faO+^+Wi1)  i  +i  j  (ac,'-^1)+(^l'-^I)  j  | 

2i?=K«ei+^i1)-(^.+w.1)}+i{(«.,-^.)-<^.I-w0:  ( 

If:     I  =■  R  — j  S  is  the  impedance  of  the  receiver  circuit,  and 

Z>  =  eo+j*?  (170 

is  the  e.  m.  f.  at  the  dynamo  terminals,  and 

I  =  length  of  line,  we  get  at :  x  =  0 : 


p_A±B 


hence : 


E       A—Ba—jft 

—       —  J  '    or 


v— J 


A  —  B      jp—j*  «8  x 

and  at :   x  =  I: 

£i-  rir-  j  (^/  —  Bt*  )u»tll—j(At  +  Be"  )an?l  \  (19.) 
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Equations  (18.)  and  (19.)  determine  the  constants  A  and  B, 
which,  substituted  in  (14.),  give  the  final  integral  equations. 

The  length :  x^  =  —  is  a  complete  wave  length,  that  means, 

in  the  distance  Xq  =  —  the  phase  of  current  and  e.  m.  f.  repeat, 

in  half  this  distance  they  are  just  opposite.  Hence  the  remark- 
able condition  exists  in  a  very  long  line,  that  at  different  points 
at  the  same  time  the  currents  flow  in  opposite  directions,  and  the 
e.  m.  f.'s  are  opposite. 

The  Difference  of  pha*e  between  current  and  e.  m.  f.  at  any 
point  of  the  line  is  determined  by : 

/(cos  to  +j  sin  w)  =  _, 

where  /is  a  constant. 

Hence,  a>  varies  from  point  to  point,  oscillating  around  a 
medium  position  w^ ,  which  it  approaches  at  infinity. 

This  difference  of  phase,  towards  which  current  and  e.  m.  f. 
tend  at  infinity,  is  determined  by : 


1  (cos  Woo  +  j  sin  Woo )  = 


'qo 


E„ 


'00 

-or 

or,  substituting  for  C&  and  E^  their  values,  siue  e     =  0,  and 

A  e   (cos  ft  x  —  sin  ft  x)  cancels : 

# j  x 

I  (cos  Woo  +  j  sin  Wqc  )  =  *— 

a— j  ft 

_(aft  +  ftx)-j(ax-ftft) 

*  +  /* 

tan  ,ox  =  <*  *  =  y  (20.) 

a  ft  -f-  ft  x 

This  angle  <ox    =  O,  that  is,  current  and  k.  m.  f.  come  more 
and  more  in  phase  with  each  other,  if:  ft  ft  —  a  x  =  0,  that  is : 

a  -f-  ft  =  ft  -r-  x,  or : 

«*  —  ft'  =    iP  —  x2 
~2~aft     ~~      2~ft~x 

,y  ,.  _  x  8       ,y*  _  # 


substituting  (10.),  gives: 


ft  8  -\-  x  r         2  ft  x 
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hence,  expanded : 


that  ift 


r  -f-  s  =  #  -f-  x. 


(21.) 


"The  radio  of  resistance  to  imluctance   equals  the  ratio  of 
%kage  to  capacity" 
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This  angle  to^  =  45°,  that  is,  current  and  e.  m.  f.  differ  by 
one-eighth  period,  if:  ji  ft  —  a  x  =  a  d-  -\-  ft  x,  that  is : 

»  +  x 


a 


or: 


,9        »  —  x 

/•<?  +  *  x  =  O 


(22.) 
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that  is: 

"Two  of  the  four  line  constants  must  be  =  O,  either  ft  and  x 
or  ft  and  *." 

As  an  instance,  in  Fig.  6  a  line  diagram  is  shown,  with  the 
distances  from  the  receiver  end  as  abscissae.  Figure  6  repre- 
sents one  and  a  half  complete  waves,  and  gives  total  effective 
current,  total  e.  m.  f.,  and  difference  of  phase  between  both,  as 
functions  of  the  distance  from  receiver  circuit,  under  the  condi- 
tions: 

e.  m.  f.  at  receiving  end :  10,000  volts,  hence :  Ex  =  ex  =  10,000. 

Current  at  receiving  end :  65  amperes  at  .385  energy  coeffi- 
cient, that  is : 

4  =  *!+^  =  25 +  *>.;. 

Line  constants  per  unit  length : 

r=\  ft  =    2  X  10-5 

s  =  4  x  =  20  X  10-* 

hence:  a  =    4.95  X  10"8 

fi  =  28.36  X  10-8 

a1  +  fi1  =    .829  X  lO^8 

xv  =  L  =  ~  =  221.5  =  length  of   line,   corresponding  to 

h 

one  complete  period  of  wave  propagation. 

A  =  1.012  —  1.206  j 

B  =    .812  +    .794  j 

These  values  substituted  give: 

i     ax  -ax  ) 

C=  |«    (47.3  cosj9.r+27.4  sin  fix)—*     (22,3  cos  ^+32.6  sin  fix) } 

iax  -cur  ) 

e   (27.4  cos  fix— 47.3  sin  fix)+e     (32.6006,9.*— 22.3  sin  fix)  \ 

)ax  --ax  i 

e   (6450coF^+4410sin/9^)+€     (3530cos/9x— 4410sin#r)  > 

(     ax  -ax  i 

-\-j  j  t   (4410coH#r— 6450siii/9.r}— «     (4410cos/9.r— 3530sin/9a>)  \ 

tan  a>n  =  &  *  ~  *  *  =  —  .072,  to-r  ="—  4.2°. 

a  ft  -\-  fi  x  " 
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Some  Particular  Gases. 

A.  Open  Circuit  at  End  of  Line. 

x  =  O.  Cx=  O. 

A=(&el+x  eS)  +j  (&  ei*  —  xe1)  =  —B 
hence: 

I  ;      ax  -ax  ax  -ax  \ 

E  =  -   _  .     A  j  (s     +  £     )  cos  ft  x  —j  (e     —  e     )  sin  ft  x  \ 

I  /       ax  -ax  ax  -ax  \ 

C  = A  \(e     —  e     )  cos  ft  x  —j  (e     +  e     )  sin  ft  x  \ 

a  — j  ft        K  ) 

B.  Line  Grounded  at  End. 

x  =  0.  %=  0. 

A={acv  +  ft  c?)  +j  (a  <V  -  ft  ct)  =  B, 
lience : 

*  .       ax  -ax  ax  -ax  \ 

E  =      .     A  j  (e     —  e     )  cos  ft  x  — j  (e     +  e     )  sin  ft  x  t 

i  i      ax  -ax  ax  -ax  \ 

C  = yl  \  (e     +  €     )  C08  ft  *  — 3  («—-•)  sin  ft  x  > 

a  — j  ft       i  ) 

G  Infinitely  Long  Conductors. 

Replacing  a?  by  —  a?,  that  is,  counting  distance  positive  in  the 
direction  of  decreasing  energy,  we  have : 

aj  =  Qc:  C=  0,  E=  0: 

hence :  B  =  0 

\  -ax 

and :  E  =  ^ .     A  e      (cos  ft  x  -\-j  sin  ft  x) 

•/ 

1  -ax 

Q  =  a       x  o  A  €      (cos  ft  x  -\-j  sin  ft  x) 

revolving  decay  of  the  wave. 

The  total  impedance  of  the  infinite  circuit  is : 


c 

—  a  — ./'  /? 

&  -j  X 

_(a&  +  ?x)  -j  tf  it  - 

a  x) 

P  +  x*  ■    .     ■ 

"The  infinitely    long    conductor    acts    like    an    impedance 


68 


STEINMETZ  ON  COMPLEX  QUANTITIES. 


I  =       '     '    P  *  —  ;  c__ ^JL  that  is,   like    a    resistance 

R  =  a  j [  +  P  *  combined  with  an  inductance  S  =  ^  f  ~  *  */' 
Herefrom  we  get  the  difference  of  phase  between  e.  m.  f.  and 


current : 


_£  _  P&  —  ax 


tan  to  =  -=  = 


7?       *<?  +  ,?* 
which  is  constant  at  all  points  of  the  line: 

If:  ft  =  O,  8  =  O,  we  have:  a  =  ft  =  \/  — .,  hence: 

tan  ro  =  1,  or:  io  =  45°. 

that  is,  current  and  e.  m.  f.  differ  by  one-eighth  period. 


/\AAAA/V>- 


/V\/"\/\/\/Vs 


Fig.  7. 

Z>.  Generator  Feeding  into  Closed  Circuit : 

Let      x  =  0  be  the  center  of  the  cable.     It  is  then : 

hence :    E  =  0  at  a?  =  O, 

that  means,  the  equations  are  the  same  as  in  /?.,  where   the  line 
is  grounded  at  .r  =  0. 


V.     Polyphase  Systems. 

In  polyphase  systems,  we  have  two  ways  of  connecting  the  n 
circuits  of  an  w-phase  generator  with  each  other  and  with  the  line. 

1.  The  star  connection,  represented  diagrammatically  in  Fig.  7, 
where  the  ^-circuits,  containing  e.  m.  f.'b  differing  from  each 
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other  by  —  of  a  period,  are  connected  together  at  one  end  into  a 


n 


neutral  pohU  0 — which  may  either  be  grounded  or  not — while 
the  other  ends  of  the  circuit  are  connected  to  the  line- wires,  and : 

2.  The  ring  connection^  represented  by  Fig.  8,  where  the  n 
generator  circuits  are  connected  in  closed  circuit,  and  the  n  line 
wires  connected  to  the  points  of  contact  of  adjacent  circuits. 

Outside  of  the  generator  the  two  systems  are  identical. 

The  consumer  circuits  may  now  either  be  connected  between 
any  pairs  or  sets  of  line-wires,  or  between  the  wires  and  a  neutral 
point  0\  which  may  be  grounded,  or  connected  to  the  neutral 
point  of  the  generator  O. 

1.  Let  now,  in  the  star  connection  of  generator,  E  be  the  e. 


'r\s\S\/\S\/\r\ 


AAAAAAA. 


aaaAAA^ 


^V\A/\/v^A/- 


/VWWV 
Fig.  8. 


m.  f.  of  one  branch  of  the  generator,  and  let  1,  2,  .  .  .  n  be  the 
generator  circuits. 

Since  the  k.  m.  f.'s  of  adjacent  circuits  differ  by  —  of  a  period, 

n 

=  —  ,  and  rotation  by  — *  is  represented  algebraically  by  mul- 
tiplication with : 


2  it   .    .   .    2  it        Vr 
e  =  cos  —  +  j  sin  —  =    4/1 

n  n 


(i-) 


The  e.  m.  f.  in  anv  circuit  i  is: 

E,  =  e'  E 


(2.) 


Hence,  if  C,-  is  the  current  in  circuit  i,  and  /  is  the  impedance 
per  generator  circuit,  we  have : 
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e.  m.  f.  at  terminal  i  of  generator : 

E'i  =  Et  —  d  I  =£'  E—  d  I  (3.) 

And  the  e.  m.  f.  at  the  end  of  a  line  of  impedance  It- ,  con- 
nected to  terminal  i: 

E%  =  Ef-  C,{I+  /,)  =  e>  E-  0,(1+  /,)        (4.) 
L6t  now  EiX  denote  the  difference  of  potential  between  any 
pair  of  terminals  i  and  x, 

where:  Eix  =  —  Exi  (5.) 

we  have : 

e.  m.  f.  of  generator,  acting  between  terminals  i  and  x : 

Eix  =  (t,  —  ex)E  (6.) 

Difference  of  potential  between  generator  terminals  i  and  x: 

E'ix  =  (e'  -  •*)  E -  I  (O,  -  Cx)  (7.) 

Difference  of  potential  between  lines  i  and  x: 

E"ix  =  (e'  -  **)  E-  I(C,  -  Cx)  -  (/,  C,  -  /,  Cx)  (8.) 

If  now  Clx  represents  the  current,  which  passes  from  line  i  to 
x  (and  which  is  determined  by  the  impedance  Iix  of  the  appara- 
tus connected  between  i  and  x : 

n     __  Ejx 

I  ix 

and  if  Oto  denotes  the  current  passing  from  line  /  to  neutral 

point  0\  we  have : 

it 

C,  =  5*  Cix  '  (9.) 

0 

Furthermore,  if  the  neutral  points  O  and  O'  are  insulated. 


5/  c,  =  o 


i 

n 


> 


(10.) 


1 

If,  however,  the  neutral    point   O  and   0'  are   grounded,  or 
connected  together: 

5*  C/  =  5«-  Ch  (11.) 

1  1 

2.  In  the  case  of  the  ring  connected  generator,  the  generator 

E.  M.  F.  R  • 

e>  E 
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Take  the  place  of  the  e.  m.  f.'s 

of  the  star  connection,  hence  the  e.  m.  f.  between  any  pair  of 
terminals  i  and  x  is : 

^  {E,  +  Ei+ ,  +  .' .  .  +  Ex)  =  EJp  «*         (12.) 

All  the  other  considerations  remain  essentially  the  same,  so 
that : 

"Any  polyphase  system  of  the  e.  m.  f.'s: 

Ei  =  e£  E,        i  =  1,  2,  ...  n,         e  =    J/T       (18.) 
can  be  dissolved  by  Ohm's  law : 

E=  CI  (14.) 


^WXAAA 


/\y\/\/\/\A- ■ 

Fig.  9.  m 

and  KirchhofFs  laws : 

^j>  E  =  <?  in  any  closed  circuit,  (15.) 

^  (7  =  0  at  any  point  of  distribution."      (16.) 

It  would  carry  me  too  far  for  the  scope  of  this  paper,  to  enter 
further  into  the  general  theory  of  the  polyphase  systems,  and  it 
may  be  sufficient  therefore,  to  show  in  a  particular  instance, 
taken  from  the  threephase  system,  what  remarkable  phenomena 
can  be  expected  in  polyphase  systems. 

UifJbalanced  Threephase  System. 

Let,  in  a  threephase  system,  Fig.  9,  with  star  connected 
generator, 

E,tE,  e  E 

be  the  e.  m.  f.'s  of  the  three  generator  branches,  where : 


I 


t2 
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r  2 

_  -  1  -J  7» 


Let  J/  =  impedance  per  generator  branch, 
/!  =  impedance  per  line, 
and --let  one  pair  of  lines  be  connected  by  an  impedance  /2. 

We  have  then,  if  C  =  the  current  flowing  in  this  loaded 
branch — the  two  other  branches  being  unloaded,  or  open — that 
is,  the  system  "  unbalanced.'1 

k.  m.  f.  in  generator  circuits : 


Potentials  jit  generator  terminals : 


Potentials  at  end  of  lines : 


E 
eE 
€E 

E—Cl 

sE+  CI 

eE 

E—C{1  + 
$E+C(I  + 


} 


Hence,  differences  of  potential  at  generator  terminals : 
'    £(!  —  $)  — 2  GI  —loaded  branch. 


•  £■(1  —  «)+  CI 

*tmi  -  «)  +  C 


JJ    I 


unloaded  branches. 


Difference  of  potential  at  ends  of  line : 

E{l  —  t)  —  2C(l+ll)    —loaded  branch. 
,^(1  -,)  +  C  (/  +  /,) 
•\g'(l-.)+ff(/  + 
Hence,  current  in  loaded  branch : 


A)    i 


-unloaded  branches. 


h 


or,  expanded : 


C  =  -= — J  ^  ,  * — — r\  »  as  was  to  be  expected,  since 


(IT.) 


(18.) 


(19.) 


(20.) 


(21.) 


I2  -j-  2  (I  -\-  li)  is  the  total  impedance,  E  (1  - 
this  circuit. 

Substituting  (22.)  in  (20.)  and  (21.),  we  get : 


(22.) 
c)  the  k.  m.  f.  of 
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Difference  of  potential  at  generator  terminals : 

2/ 


m  -  o  (i  -  /T 


+  HI  +  A) 
I 


3)    - 


loaded  branch. 


£{1 


'.  +  »(/  + 
I 


/.)) 

*> 


— unloaded  branches. 


+  2(7  + 
Difference  of  potential  at  ends  of  line : 


(23.) 


E{1  ->  ('+  /,  /1I/+  J 


•unloaded  branches. 


(24.) 


These  are  three  different  values.     That  means : 
u  Loading  in  a  three  phase  system  one  branch  only,  the  poten- 
tials of  the  two  unloaded  branches  become  unequal  also." 

It  is  self  evident,  that  this  phenomenon  of  unbalancing  does  not 
take  place  in  the  three  phase  system  only,  but  just  as  well  in  any 
other  polyphase  system,  and  that  the  amount  of  unbalancing  de- 
pends upon  the  constants  of  the  circuit,  hence,  can  by  a  proper 
arrangement  be  reduced  to  almost  nil,  or  can  be  exaggerated 
greatly  by  an  improper  choice  of  circuit  constant. 

As  an  instance,  we  may  consider  the  numerical  example: 
Generator  e. m.  f.  100  volts  between  terminals,  hence: 

£  (1  —  e)  =  100 

Resistance  per  generator  branch,  .01  ohms. 

Inductance  per  generator  branch,  .05  ohms. 

Hence,  impedance  per  generator  branch,  .01  —  .05^'. 

Case  1.  Non-inductive  line  of        .1    ohms.  / 
Non-inductive  load  of        .1    ohms,  t 

Case  2.  Non-inductive  line  of        .1    ohms.  1 
Inductive        load  of  —     j  ohms.  ) 

Case  3.  Inductive        line  of  —  .\j  ohms.  1 
Inductive        load  of  —     j  ohms.  ) 

Case  4.  Inductive        line  of  —  Aj  ohms.  / 
Non-inductive  load  of        .1    ohms.  * 
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Substituting  these  values  in  equations  (22.),  (23.)  and  (24.)  we 
get  (writing  all  the  quantities  in  the  form,  c  (cos  to  -\-j  sin  w): 

1.  Non-inductive  line  and  non-inductive  load";  Ix  =  .1,  T2  =  1 : 
C'=81.6(.99-f.08jf) 

Ex=  98.0(     .99+.08/)  7s;=81.(J(     .99+.08/) 

Ei=  95.9(— .51+.86/)  /£=92.6(— .44+ .90/) 

i:;=  102.9(— .47— .88/)  /<;=98.7(— .41— .91/) 

2.  Non-inductive  line,  inductive  load :  Ix  =  .1,  I%  =  — y: 
C=89.0(.20-f.98/) 

#,90.9  A;=   89.1(     .98— .20/) 

^=97.8(— .47+.K8/)  Ai=104.9(— .42+.92/} 

^=97.8(— .47— .88/)  i£=  89.3(— .49— .86/") 

3.  Inductive  line  and  inductive  load :  /t  =  —  .1^',  7^  =  — ^ : 
6T=72.0(.01+t/j 

.#,=92.8(1-  .01/)  A;=78.4(l—         .01;) 

^=98.8(  —  .47+.88y)  /£=95.6(  —  .41+.91/) 

J^=9H.7(  —.48— .88/)  #8=94.ti(  —.41— .91/) 

4.  Inductive  line,  non-inductive  load:  /,  =  —  .1/,  [%  =  1 : 
<7=:94.0(.96+.28/) 

_#,=  95.9(     .99+.09/)  A',=  94.1(     .96-f.28/) 

#2=  95.2(— .50+.86/)  ^=  86.1(— .52+.85/> 

#8=102.7(— .47— .88/)  #8:=109.6(— .41— .91;) 

Remarkable  is  in  1.  and  in  4.  the  /vV  of  potential  in  the  line 
in  the  branch  /£. 

« 

Apparently  these  values  look  rather  irregular,  sometimes  the 
one,  sometimes  the  other  unloaded  branch  being  higher.  Look- 
ing closer  into  it,  however,  we  can  not  fail  to  see  the  regularity 
displayed  in  the  variation  of  potential,  which  makes  it  possible 

to  control  this  phenomenon. 
Lynn,  Mpas.,  July,  1893. 

Discussion. 

Prok.  Macfarlank: — I  wish  to  make  a  remark  in  regard  to 
the  fundamental  principle  of  the  use  of  complex  quantities. 
The  letter  j  was  first  introduced  as  a  distinguishing  index  with- 
out mathematical  meaning,  and  afterwards  defined  by  the  equa- 
tion f  =  —  1.  Such  definition  is  ambiguous,  for  it  refers  to 
orthogonal  projection  of  a  straight  line  upon  another  straight  line, 
and  the  right  angle  may  be  at  the  former  straight  line  or  at  the 
latter.     The  latter  case  is  the  ordinary  meaning. 
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It  is  not  true  that  algebra  is  limited  or  bounded  by  the  ordi- 
nary complex  quantity.  There  is  a  more  general  complex  quan- 
tity which  applies  to  space,  and  of  which  the  complex  quantity 
in  a  plane  is  only  a  special  case. 

Mr.  Steinmetz  : — In  introducing^',  first  as  distinguishing  index 

and  then  defining  it  as  V  —  1  my  object  was  to  introduce  the 
complex  quantity  in  an  elementary  and  graphical  manner,  without 
reference  to  higher  mathematics.     To  make  the  reasoning  more 

complete,  I  might  have  added  that  the  definition  j  =  V  —  1 
does  not  contradict  the  original  definition  of  j  as  index  without 
numerical   meaning,   since  in  the  range  of   ordinary  numbers 

V  —  1  is  meaningless. 

From  the  mathematical  standpoint  the  complex  quantity  can 
directly  be  introduced  without  further  explanation,  since  in  pure 
mathematics,  for  instance,  the  theory  of  functions,  the  plane,  is 
known  as  the  standard  representation  of  the  complex  quantity. 

Referring  to  Prof.  Macfarlane's  last  remark,  my  meaning  is 
that  the  complex  quantity  is  the  last  and  most  general  algebraic 
number.  No  further  generalization  of  numbers  exists  which 
fulfills  the  fundamental  condition  of  algebraic  numbers,  that  if  a 
product  is  zero  one  of  the  factors  must  be  zero.  This  is  the  rea- 
son why  the  complex  quantity  of  the  higher  order  does  not  prove 
as  useful  in  space  as  the  algebraic  complex  quantity  in  the  plane. 

The  following  paper  was  then  read : 


GENERAL  DISCUSSION  OF  THE  CURRENT  FLOW 
IN  TWO  MUTUALLY  RELATED  CIRCUITS  CON- 
TAINING CAPACITY. 


BY  FREDERICK  BEDELL  AND  ALBERT  C.  CRKHORK. 


In  a  paper  presented  at  the  General  Meeting  of  the  American 
Institute  of  Electrical  Engineers*  at  Chicago,  June  7,  1892, 
the  problem  of  finding  the  current  which  flows  in  a  single  cir- 
cuit having  resistance,  self-induction  and  capacity  in  series  was 
considered.  A  general  solution  was  obtained  for  the  current 
which  flows  when  the  impressed  electromotive  force  is  any  func- 
tion of  the  time  whatever.  This  solution  was  applied  to  four 
cases,  which  arise  according  to  the  nature  of  the  particular  elec- 
tromotive force  considered,  and  curves  were  drawn  to  illustrate 
the  current  in  each  case  in  the  particular  yet  representative  ex- 
amples assumed. 

It  is  our  present  object  to  study  the  more  general  case  of  two 
independent  circuits,  each  of  which  contains  resistance,  self-in- 
duction and  capacity,  which  are  connected  only  by  means  of 
their  common  magnetic  field. 

Throughout  the  discussion  the  following  symbols  will  be  used: 

R  =  resistance. 

L  =  coefficient  of  self-induction  (a  constant). 

M  =  coefficient  of  mutual  induction  (a  constant). 

C  =  capacity. 

E  =  (a)  constant  electromotive  force  ;  or 

(b)  maximum  value  of  harmonic  electromotive  force. 
e    =  instantaneous  value  of  electromotive  force. 


♦Transactions  American   Institute    of  Electrical  Engineers,  vol.  ix. 
p.  303. 
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/  =  (a)  constant  current ;  or 

(b)  maximum  value  of  harmonic  current. 

i    =  instantaneous  value  of  current. 

Q  =  constant  charge  of  condenser. 

q    =  instantaneous  value  of  charge  of  condenser. 

<o  =2zn  =  27tX  frequency  =  angular  velocity. 
-f-0    =  angle  of  advance. 
— d   =  angle  of  lag. 

T  =  (a)  period  ;  or  (b)  time-constant. 

j  =  '^ 

e    =  base  of  Naperian  logarithms  =  2.71828. 
c    =  arbitrary  constant  of  integration. 

The  meaning  of  other  letters  when  used  will  be  evident. 
It  has  been  shown  that  the  differential  equation  of  energy  for 
a  single  circuit  is 

I  d  t  I  i  dt  ,. 

eidt= ^ +Ri%dt  +  Lij?Ltd  t,      (1) 

in  which  the  first  member  represents  the  total  energy  imparted 
to  the  circuit  by  the  impressed  electromotive  force.  The  second 
member  consists  of  three  terms  which  represent  respectively  the 
three  ways  in  which  the  energy  is  used  in  the  circuit.  The  first 
terra  is  the  energy  required  to  charge  the  condenser ;  the  second 
is  that  expended  in  heat ;  the  third  is  that  required  to  produce 
the  magnetic  field. 

If  a  second  circuit  is  now  placed  in  mutual  relation  to  the 
first,  60  that  they  possess  a  common  magnetic  field,  a  fourth  term 
must  be  added  to  equation  (1)  depending  upon  the  coefficient  of 
mutual  induction  of  the  two  circuits.  The  equation  of  energy 
for  the  primary  ceil  may  be  written, 

lxdt  I  ixdt  i*  y 

eitdt=      %J-y-   +Jixix2dt+Lli^tdt+Mi^dt,  (2> 

where  the  subscripts  one  and  two  refer  to  the  first  and  second 
coil  or  to  the  "  primary  "  and  "  secondary  "  respectively.  The 
equation  of  energy  for  the  second  coil  which  has  no  impressed 
electromotive  force  is 

iqdt  I  i2dt  j  .  ». 
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If  we  divide  equation  (2)  by  *\  d  t  and  equation  (3)  by  i^  d  /, 
we  obtain  equations  of  electromotive  forces 

e  =  f  it)  =  ^-^-  +  *i «.  +  £.  ^-  +  M^,         (4) 


J  hd 


n      <s ,     r>    •    ,    r    dl*  A-  Md  ix  ^ 

o  =    — Zr-  +ti*H+  A  -J}  +  *  jj. 

In  these  equations  the  electromotive  force  is  expressed  as  a  func- 
tion of  the  time.  The  solution  of  these  differential  equations 
will  be  the  complete  solution  of  the  problem  of  circuits  with 
constant  coefficients  of  mutual  and  self  induction,  having  resist- 
ance and  capacity,  and  it  will  give  us  the  current  that  flows  in 
either  the  primary  or  secondary  at  any  time  due  to  any  im- 
pressed electromotive  force.  In  order  to  solve  the  equations  we 
may  eliminate  from  the  pair  either  ix  or  i2  and  obtain  a  single 
equation  containing  but  one  independent  variable.  To  perform 
this  elimination  we  may  differentiate  (4)  and  (5)  enough  times  to 
obtain  one  more  equation  than  we  have  variables  to  eliminate. 
We  may  then  form  a  determinant  of  the  coefficients  of  the 
variables  to  be  eliminated  and  proceed  in  the  usual  way  in  elimi- 
nation by  determinants. 

d  d2 

If  we  use  the  symbols  D  =    -17,  and  IP  =   772",  etc.,  equa- 
tion (4)  and  (5)  may  be  written 


1 

A  dt 
f  {0  =  Kj—r—  +  Rx  ix  +  Z,  Dix  +  M  ZV, ; 


(«) 


JX 


dt 


(7) 


0  =   —p—  +  V?,  *'i  +  A  Dit  +  M  Dix.    . 
By  differentiation  we  obtain  the  six  equations 

/'  (t)  =  ^  ix      +  R,  Dix  +  Z,  /A  +  At  &h.  (8) 

/"  (t)  =  ^  Dit  +  rx  mx  +  z,  mx  +  m  m*        (») 
/'"  (t)  =  ^  mt+  rx  d\x  +  lx  ir<x  +  m z*4.       (io) 
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0  =  £  t,       -j-  Jt%  Di% 


u  &h  +  m  mx. 


o  =  j,  j)h  +  a*  m*  +  Li  m2  -f  m  z>»*,. 

0  =  ^j  ffi*  +  R*  IPi*  +  L\  Pit  +  M  ZW,. 


(11) 

(12) 


(18) 


In  these  six  equations  there  are  live  quantities  which  it  is  re- 
quired to  eliminate,  viz.,  /„  z9i„  Z?%,  IFix  and  />'/,,  in  order 
to  obtain  an  equation  containing  only  i2  and  the  derivatives  of 
i2.  To  obtain  a  single  equation  containing  ix  alone,  it  is  neces- 
sary to  eliminate  i^  D^  DH^  B^i9  and  D%. 

To  obtain  the  equation  for  primary  current,  we  form  a  deter- 
minant consisting  of  six  columns,  five  of  which  contain  the  co- 
efficients of  ij,  Difr  DH^  etc.,  in  the  equations,  while  the  sixth 
column  contains  all  quantities  in  the  equations  independent  of 
/2,  Dlu  or  £Pij,  etc.  Thus,  to  eliminate  i2>  we  mav  write  the 
determinant, 

t9  Di%  D%it  2>a*3  D*tt  Rkmaining  Terms. 


0 

0 

M 

0     0 

0 

0 

0 

M   0 

^zw,  +Rjnx+L1m1-f'  (t) 

0 

0 

0 

0   M 

jrm1+R1mi+z1L>ii-f"(t) 

1 

p 

Hz 

A 

0       0 

xmx 

0 

i 

p 

R% 

A  <> 

Mmt 

0 

0 

1 

xig  L*2 

Mm, 

(14)    ' 


=  0. 


Since  the  first  column  is  composed  entirely  of  zeros  except  the 

fourth  row,  the  determinant  reduces  to  77  times  its  minor  deter- 

ininant.  One  column  of  this  minor  determinant  is  all  zeros  ex- 
cept one  row,  so  that  the  determinant  reduces  to  one  of  the 
fourth  order.  By  erasing  the  first  and  second  columns  and  the 
fourth  and  fifth  rows  of  the  determinant  of  the  sixth  order,  it 
becomes 
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M      o    o    T  *,     +  Rx  D  t,  +  /,,  D  V,  —t"  (t) 
o    J/    u    -^  />  i,  +  If,  h*  /,  +  Z,  />•  /,  — /*  (<) 

<»    o  .1/  ^z«  *,  +  #,  /;•»,  +  z,  z»  h—f"(t) 


—       /I2     X2 


Jf  Z>4   t, 


-2 


(1») 


=  o. 


<1«) 


[' 


Multiplied  out  and  expanded,  this  determinant  gives 

+(t+t)i?+^]il=^)+i?'^>+Zs^"w- 

Here  we  have  a  differential  equation  of  the  fourth  order  con- 
taining but  two  variables  ix  and  t,  the  solution  of  which  gives 
the  desired  primary  current  in  terms  of  the  impressed  electro- 
motive force. 

The  differential  equation  for  the  secondary  current  may  be 
obtained  in  a  similar  manner  by  eliminating  ix  and  its  derivatives 
from  equations  (8)  to  (13)  inclusive.  In  order  to  perform  the 
elimination,  we  may  write  as  before,  the  determinant 

*i  Dix  D*ix  DAt\  D*ix  Remaining  Teems. 


1 

lix 

Lx 

0 

0 

MI?H-f    (t) 

0 

1 

Hx 

Lx 

0 

MlHr-f    (I) 

0 

0 

1 

Ifx 

In 

MVHr-f  (t) 

0 

0 

M 

0 

0 

1  . 
Of* 

+  RiI)ii+LiDlii 

0 

0 

0 

M 

0 

jj  J>h 

+IitJPtr\-ZtLHl 

0 

0 

0 

o 

M 

+  /?,/«,+/,/>  V, 

U7) 


=  0. 


Since  the  first  column  of  this  determinant  is  composed  entirely 
of  zeros  except  the  first  row,  it  reduces  to  the  minor  of  the  fifth 
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order  found  by  erasing  the  first  row  and  first  column.  Since  the 
first  column  of  this  minor  determinant  is  composed  entirely  of 
zeros  except  its  first  row,  the  whole  reduces  to  the  determinant 
of  the  fourth  order  found  by  striking  out  both  the  first  and 
second  rows  and  columns.     Thus, 


1 

R,      Z, 

MD\—f'"($) 

M 

0        0 

-c  h  ia^+aw 

■ 

0 

M     0 

^Z>i,+  JR,  &H  +  L%  &H 

0 

0     M 

£Z*ij+  RiB^ii  +  Li  Z>% 

(18) 


0. 


Multiplying  out  and  expanding,  we  obtain  the  desired  differ- 
ential equation  for  the  secondary  current. 

[(z^-j^ir+iR^+R^ir+^+^+R^ip 

It  is  noticeable  that  these  differential  equations  (16)  and  (19)  for 
the  primary  and  secondary  currents  are  very  similar.  The  first 
members  are  alike  if  we  write  i^  for  it.  The  second  members 
show  a  marked  difference.  The  equation  for  primary  current 
contains  R^  L^  and  C2,  with  the  three  derivatives  of  f{t\  while 
the  equation  for  secondary  current  contains  only  JfaT,  with  the 
third  derivative  of  f  (f). 

The  general  solutions  of  these  equations  of  the  fourth  order,. 
(16)  and  (19),  would  give  the  value  of  the  primary  and  second- 
ary currents  at  any  time,  where  the  impressed  electromotive 
force  is  any  function  whatsoever  of  the  time,  and  they  would 
involve  the  literal  solution  of  the  general  bi-quadratic  equation,, 
that  we  might  find  four  factors  of  the  bi-quadratic  expression  in 
order  to  resolve  the  inverse  operator  into  four  partial  fractions. 
In  their  fall  generality,  the  equations  are  too  cumbersome  for 
practical  purposes,  but  readily  admit  of  solution,  as  they  now 
stand,  if  we  assume  the  impressed  electromotive  force  to  be  har- 
monic, as  will  be  discussed  later  in  this  paper.  However,  the 
solutions  may  be  obtained  for  any  impressed  electromotive  force 
whatspever,  by  the  introduction  of  certain  modifications  which 
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reduce  the  equations  to  an  order  lower  than  the  fourth.  If  the 
equation  can  be  reduced  to  the  second  order,  it  is  comparatively 
easy  to  find  its  general  solution  ;  but  we  will  not  attempt  to 
write  the  solution  of  equations  of  the  third  and  fourth  orders, 
except  in  the  case  of  an  harmonic  impressed  electromotive  force, 
which  is  to  be  discussed  later. 

If  we  omit  one  of  the  condensers  from  the  circuit,  it  will  re- 
duce the  equations  (16)  and  (19)  to  the  third  order,  and  if  we 
omit  both  condensers,  the  equations  reduce  to  the  second  order. 
The  resulting  equations  in  these  particular  cases  may  be  written 
down  from  (16)  and  (19)  by  omitting  terms  and  reducing  the 
accents  and  the  order  by  the  required  amount.  To  see  how  the 
order  is  reduced,  we  will  form  the  equation  in  the  case  where 
both  condensers  are  omitted.  To  do  this  let  us  return  to  (6)  and 
(7).  Omitting  the  condenser  terms,  these  equations  of  electro- 
motive forces  become 

f(t)  =  Rx  ix  +  Lx  Dix  +  M  Di*  (20) 

0  =  R2  i,  +  A  Dh  -f  M  Dix  (21) 

We  need  differentiate  each  equation  only  once  to  obtain  enough 
equations  to  eliminate  either  of  the  variables  ix  or  i,. 
By  differentiation  we  have 

f\t)  =  Rx  Dix  +  Lx  mx  +  M  m%.  (22) 

0  =  Rt  Dl,  +  L%  m2  +  M  mx.  (23) 

Forming  a  determinant  of  these  four  equations  to  eliminate  i* 
we  have 

t,      Dit    D*it  Remaining  Term*. 


0  M      0  Rx  ix      +  Lx  I)ix  —f  (t) 

0  0      M  Rx  Dix  +  Lx  ZW,  —  /'  (t) 

R2  Z,      0  M Dix 

0  R%  'Z,  M mx 


=  0.       (24) 


Since  the  first  column  is  all  zeros  except  the  third  row,  this  de- 
terminant reduces  to 


M 

0 

Rxix      +£l0il—f(t) 

l     0 

M 

Rx  Dix  +  Z,  m,  —f  (t) 

■"» 

A 

MEHi 

=  0 ;    (25) 


and  this  expanded  gives 
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[(AZ^^)^+(i?1z2+^2zo/>+i?1i?2]A=i?2/(OH-i^^) 

(26) 

Forming  the  determinant  to  eliminate  i2,  we  have 

*i       Dil      D*it  Remaining  Terms. 


R 

0 
0 
0 


A 

M 

0 


0 

A 

0 
M 


MD^  —f(t) 
M  &H  -/'  (0 
Rt  if        +  Li  Dit 
RtI)i^  +  A  D*i, 


=  0.      (27) 


This  reduces  to 


J?l 

A 

MLHt—f® 

M 

0 

Ji%i%       -\-  L%  D  it 

0 

J/ 

RiDii  +  ZiD*  i2 

=  0;     (28) 


and,  when  expanded,  gives 

[(LJ^-M*)D*+{RX  L2+RiL1)I)+£lR2]i2=  -Mf'(t)         (29) 

Upon  comparing  (26)  and  (29)  with  (16)  and  (19)  we  see  that  we 
might  have  written  both  (26)  and  (29)  immediately  from  the 
more  general  forms,  by  reducing  each  exponent  and  accent  by 
two  and  omitting  all  terms  containing  Cx  or  6V 

In  a  similar  manner  we  may  find  the  equations  of  the  third 
order  from  the  general  by  omitting  one  condenser  only.  If  we 
omit  the  primary  condenser  only,  we  may  write  from  the  general 
the  equation  in  this  particular  case  by  reducing  all  exponents 
and  accents  by  unity  and  omitting  terms  containing  Cv  Thus, 
omitting  (7,  from  the  primary,  we  have  for  the  primary  current 

[(Z,A-^,)^+(^.A+i?^1)i^+(§+^1^)i>+fa,]*1 

= \fWtR*  f  (<)+A/'(0-       (30) 

The  secondary  current  equation  becomes 

[(Z^-^^+WA+^^O^+^+^^^+t]^ 

=-Mf(t).         (81) 

If  the  secondary  condenser  is  omitted,  the  equations  (16)  and 
(19)  become 

[(AA-^^+(^.A+AA)X»+(^+^i^,)^+^]*i 

=Jff,/'(0+A/'(<) ;       (38) 

and 
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=- J/ /*(*).  (33) 

Another  consideration  which  will  enable  us  to  reduce  the 
order  of  our  equations  is  that  of  no  magnetic  leakage.  If  we 
consider  that  all  the  lines  of  induction  generated  by  the  primary 
circuit  thread  the  secondary,  it  is  well  known  that  the  product 
the  coefficients  of  self-induction  equals  the  square  of  the  coeffi- 
cient of  mutual  induction  of  the  two  circuits ;  that  is,  Lx  I*  = 
Jtf2,  or  Lx  Z2  —  M 2  =  0.  This  approximation  is  so  nearly  real- 
ized in  most  of  the  closed  magnetic  circuit  transformers  that  it 
is  worth  while  to  consider  how  it  simplifies  the  equations.  The 
coefficient  of  the  terms  of  the  highest  order  in  any  of  the  differ- 
ential equations  yet  written  is  this  quantity  Z,  Zj  —  M\  If  we 
consider,  therefore,  that  there  is  no  magnetic  leakage  in  the 
transformer,  we  may  reduce  the  general  equations  (16)  and  (19) 
to  the  third  order.  It  will  not  be  attempted  here  to  write  down 
the  general  solution  of  the  equation  of  the  third  order.  How- 
ever, if  we  wish  to  consider  the  case  where  only  one  condenser 
is  in  circuit  and  there  is  no  magnetic  leakage,  equations  (30)  to 
(33)  inclusive  reduce  to  the  second  order  and  can  be  readily 
solved.  When  there  is  no  condenser  in  either  circuit,  equations 
(26)  and  (29)  reduce  to  very  simple  forms,  being  of  the  first 
order  when  the  consideration  of  no  magnetic  leakage  is  intro- 
duced. Upon  the  solution  of  these  equations  of  the  first  order, 
in  the  case  of  an  harmonic  electromotive  force,  may  be  estab- 
lished the  well-known  transformer  diagram  usually  built  up 
geometrically  by  a  synthetic  process. 

It  is  now  proposed  to  obtain  the  general  solutions  of  equations 
(26)  and  (29)  which  give  the  complete  solution  of  the  problem  of 
two  mutually  related  circuits  without  considering  condensers, 
but  with  no  limiting  assumptions  in  regard  to  the  magnetic  leak- 
age. Then  will  be  given  the  solution  of  the  same  case  simplified 
by  the  assumption  that  there  is  no  magnetic  leakage.  Lastly, 
the  cases  will  be  considered  where  there  is  no  magnetic  leakage, 
and  one  of  the  circuits  contains  a  condenser. 


At  this  point  the  meeting  adjourned  to  convene  the  next 
day  at  10  o'clock,  Thursday  August  24th;  the  section  was  called 
to  order  by  the  secretary,  Dr.  Kimball,  in  the  absence  of  the 
chairman  and  vice-chairman.     Dr.  Henry  T.  Eddy,  President  of 
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Rose  Polytechnic  Institute,  Terre  Haute,  'was  nominated  and 
elected  as  temporary  chairman. 

The  reading  of  the  paper  started  the  previous  day  was  then 
continued. 


II. 

General  Solution  for  the  Currents  in  Two  Mutually 
Related  Circuits  with  no  Condenser. 

In   symbolic  notation   (see  Johnson's  Differential  Equations 
Chap.  V.),  equations  (26)  and  (29)  may  be  written 

. i [*i/«H-A/'fl)1 

*>  -   ™  ,  R1Lr±R1Lin  ,      RXR%  Z^-M'       '     (34) 

and 

-1  Mf'jt) 


h 


(35) 


n*  i  fM^+z.!".1  n  i       R\R%     Z\L% — M  . 
"•"  LxLl—Mi  JJ+ZlI,1—Mi 

Resolving  the  inverse  operator  into  partial  fractions,  we  have 
the  identical  equation 
1 

Z.Lj—M* i      1 1_  ) 

~  v'Cff.A+i^Z,)2— 4 UiKlL^—M*)  \  J>+v~ D+t*  ]  ' 

(36) 
The  radical  expression  which  occurs  in  equation  (36)  may  be 
written 


V(RlL2—  R2  Ltf+Ml&M  \ 
For  simplification,  the  abbreviations  have  been  used  : 


r,  = 


Rl/.2+R2Ll—  V(RxL,—R2Llf+^RlR23P 


and 


(37) 


r  _^iA+-g»C1+  VjR^-R^f+^R.R^P  (m 

T*  ~ 2(AZ,-J/3) m 

Placing  (36)  in  (34),  we  obtain 
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_Rtf{t)+Ltf'{t)\     (40) 

Similarly  (35)  becomes 
. M i  f'(t)  _  f'(t)    ) 

Now  the  linear  equation  of  the  first  order  may  be  written 

and  its  solution  is  known  to  be 

y  =  f— *   f \ax  fix)  dx  +  <>  rax  . 
Hence  we  have 

£+Z  =  s""/^*  f(<*)dx+e  t~"  .  (42) 

Replacing    f(x)   by  Ji2  f{t\   and  a  by   r,  in  this    general 
formula,  we  have, 

§^  =  Rt  r^er''  /  (t)  dt  +  e  C-T>*  ■  (43) 

Similarly  we  should  find 
-K®  =  Z,  t-^j\^  f\t)  dt  +c  «-V.  (44) 

and  also 

-£^-  =  iVi-^1  /W/'  {t)dt  +  c  e-ri '.  (45) 

Substituting  these  values  in  (40)  and  (41),  we  obtain  for  the 
primary  current 

(46) 
and  for  the  secondary  current 

-  t-^fiSf'Wt  (  +c.£-r'  *+c  c~r«'.       (47) 
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These  equations,  (46)  and  (47),  are  the  complete  solutions  for 
the  current  flowing  in  two  mutually  related  circuits,  containing 
no  condenser,  with  no  assumption  in  regard  to  magnetic  leakage. 
It  is  noticed,  (37)  and  (38),  that  there  are  two  time  constants,  as 
in  the  case  of  capacity  and  self  induction  in  a  single  circuit ;  but 
no  oscillatory  effect  can  be  obtained  in  this  case,  because  the  ex- 
pression under  the  radical  is  always  real  for  all  values  of  the 
constants  R,  M,  or  L.  Further  discussion  will  be  deferred  until 
the  equations  for  the  other  cases  are  found. 

General  Solution  fok  Two  Mutually  Related  Circuits  in 
which  there  is  no  Condenser,  Assuming  no  Magnetic 
Leakage. 

Upon  the  introduction  of  the  condition  of  no  leak  in  equa- 
tions (26)  and  (29),  i.e.,  equating  Lx  Z*  —  AP  to  zero  they  be- 
come 

r  /)  ,        R*R*      n  •  _  Rt/3  +  **fl®       an 

and 

\_V  +  Ri  L,  +  Jit  A  J  h  ~  Ri  A  +  Rt  ^  K    ' 

The  solution  of  these  linear  equations  of  the  first  order  may  be 
written  by  means  of  the  general  formula  (42),  and  we  have 

*'  =    T?    T^f?    T    f^  (WW +£/'(*)]  <*<  +  «.«-*',    (50) 
Jti  ^i  T~  -**2  I*$s 

and 

where 

r  =  Rx  R* -.  (52) 

Li  H2  -f-  L%  Hi 

These  equations  might  have  been  written  from  the  general  solu- 
tions (46)  and  (47),  but  it  is  easier  to  derive  them  independently 
from  the  differential  equations.  It  is  remarkable  how  much  the 
consideration  of  no  magnetic  leakage  simplifies  the  mathematical 
expression  of  the  results. 

Before  entering  upon  the  discussion  of  these  results  it  is 
thought  best  to  obtain  the  equations  for  the  case  in  which  there 
is  a  condenser  in  one  of  the  circuits,  where  there  is  no  magnetic 
leakage. 
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General  Solution  for  Two  Mutually  Related  Circuits 
with  a  Condenser  in  One  Circuit,  assuming  no  Mag- 
netic Leakage. 

The  solutions  may  be  obtained  from  the  differential  equations 
(30)  to  (33),  after  equating  LY  L^  —  M%  to  zero.  With  this  sup- 
position, when  we  have  the  secondary  condenser  only,  the  equa- 
tions become 

(§+*a)  Ri  *Ari-*A 

iyt+R*Ll+RiLxD+Ct{RlLl+RtLl)  (53) 

^+5A  E        R^+B^        (54) 

With  the  primary  condenser  only,  they  become 

i{  =. i A/'(<)+A/'(0 

L%a_  /?  t>  RiZi+RtLi     '  (55) 

RiZt-\-RiL1        CiiRiLf^-RjLi) 
and 

. =1 Mf"{€) 

•»-           ^i,„»  RMR&         (56) 

jT+RiR*         #, 


B>+R>Li+RiLlD+Cl{RlLi+RiLl) 


Resolving  the  inverse  operator  in  (53)  and  (54)  into  partial  frac- 
tions, we  have  the  identity 


'RiL^^-RiLi         R\Ly\-R^Ly 
RiLj+RjZj (       1  1      ) 

V  f  ^-+#,7?^  — iRJRJ^+R^) 

where,  for  abbreviation, 
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^Zt+*ff^^(^+fli^),^*«(^i^+^£i)f  (58) 

Tl  ~~  2{/t1L2+/t2Zx) 

.._  ^+^^-^(^+^/?2)2-4i?1(^A+^/;o.      (59) 

Equations  (55)  and  (56),  for  the  case  of  the  primary  condenser 
only,  may  be  similarly  treated  by  interchanging  Hu  Z„  Ci,  r/, 
ra',  with  i?2,  2^,  C^  r2",  r2",  where,  for  the  primary  condenser,  we 
have  the  abbreviations 


(60) 


^  +#1728-V(^  +R1R^-^R^RxLi+RiLl)  (61) 

This  method  of  obtaining  the  solution  which  has  previously 
been  given,  (34)  to  (47),  finally  gives  the  integral  equations  in 
the  case  of  one  condenser  with  the  consideration  of  no  leak. 

For  the  case  in  which  there  is  a  condenser  in  the  secondary 
and  no  leak,  the  solutions  are 

V  (^+R,R^  _4tf)(#1Z,+AA) 

+Rif'(t)+Zif"{t)]dt+e-T>'yiT>'t  X  (62) 

M 


V  (-jj--\-R1Ri\  — 4i?l(i?,Z,+i?jZ1)  /gjjv 

j  e-Tl'fri'y\t)dl—t-T'''Tf>'tf"{t)dt  i  +c8s-ri "'+c1e_r'"<. 

When  there  is  a  condenser  in  the  primary  alone,  and  no  leak, 
the  solutions  are 

ttZ=l -= X 


V/(^+  R&J-iR^  L.+R,  Z, 


) 
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\e-r*y£*\R*f\1)+L.J\tW  <•*> 


.  • M 

V/(^+JB1i?2y_4i?2(Jfi>1Z2+i?2Z1)  <65> 

l  eTl!fe'  'f"Wdt—  S~Tttf**  '%f'W*   \  +^~Tlt+0,€"Ti't. 

We  have  now  obtained  the  equations  for  current  flow  under 
various  conditions  in  regard  to  magnetic  leakage  and  the  location 
of  condensers.  The  solutions  have  thus  far  been  general ;  that 
is,  there  have  been  no  limitations  in  regard  to  the  nature  of  the 
impressed  electromotive  force,  which  may  be  any  function  what- 
soever of  the  time.  In  (46)  and  (47)  we  have  the  expressions 
for  current  flow  when  there  are  no  condensers,  without  limita- 
tion in  regard  to  there  being  no  magnetic  leakage.  In  (50)  and 
(51)  we  have  the  same  simplified  by  the  assumption  of  no  leak- 
age. Equations  (62)  and  (63)  are  the  solutions  in  case  of  no 
leak  and  a  secondary  condenser ;  and  (64)  and  (65)  are  the  same 
for  a  primary  condenser.  These  general  solutions  will  now  be 
interpreted  in  turn  for  certain  particular  impressed  electromotive 
forces,  after  which  the  solution  in  case  of  two  condensers  and  no 
assumption  as  to  absence  of  magnetic  leak  will  be  taken  up  for 
an  harmonic  impressed  electromotive  force. 


Discussion  of  the  General  Solution  for   the   Currents   in 
Two  Mutually  Related  Circuits  with  no  Condenser. 

Equations  (46)  and  (47)  are  the  general  expressions  for  the 
current  flowing  in  two  mutually  related  circuits  due  to  any  elec- 
tromotive force  whatsoever  impressed  upon  one  of  them.  Each 
equation  consists  of  a  particular  integral  and  a  complimentary 
function  containing  two  arbitrary  constants  of  integration  to  be 
determined  according  to  the  imposed  conditions.  In  order  to 
perform  the  operations  indicated  in  the  particular  integrals,  in 
which  the  electromotive  force  is  expressed  as c/(tf), it  is  necessary 
to  assume  the  electromotive  force  to  be  some  particular  function 
of  the  time. 
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(JEN ERA L   CASK   OF   "  MAKE  "    OE   "  BREAK." 

Ordinarily  this  would  be  the  case  in  which  initially  the  two 
currents  are  zero  and  a  certain  electromotive  force  is  suddenly 
impressed ;  or,  the  case  in  which  initially  the  two  currents  have 
certain  assigned  values,  and  the  electromotive  force  is  suddenly 
reduced  to  zero.  All  the  cases  of  make  or  break,  that  is,  the  in- 
troduction or  the  removal  of  the  electromotive  force,  may  be 
generally  stated  thus:  the  initial  conditions  are  a  primary  current 
F  and  secondary  current  /",  due  to  some  primary  impressed 
electromotive  force,  the  exact  nature  of  which  is  immaterial ; 
this  electromotive  force  is  suddenly  changed  to  a  certain  known 
electromotive  force.  The  initial  or  final  values  of  any  of  these 
electromotive  forces  or  currents  may  be  zero. 

Let  us  suppose  that  the  final  value  of  the  impressed  electro- 
motive force  is  a  constant,  e  =f{t)  =  E'.  Substituting f[t)-=Ef 
and/17  (t)  =  0  in  the  general  equations  (46)  and  (47),  and  perform- 
ing the  indicated  integrations,  we  obtain  for  the  primary  and 
secondary  currents, 

E' 


*!  = 


R 


+  *1f-Ti|    +  c2*-r'*,  (66) 


lu  =c8e-r^   +  c,  e-r«<-  (67) 

The  arbitrary  constants  of  integration  in  these  complementary 
functions  are  to  be  obtained  according  to  the  conditions  of  the 

E' 
problem.     Let  I  stand  for  the  final  steady  value  >>   of  the  prim- 
ary current.     Counting  time  from  the  time  of  alteration  of  the 
primary  electromotive  force,  we  have 

When  t  =  0,         ix  =  /'=/  +  cx  +  c* 
and  (68) 

This  gives  two  equations  in  which  there  are  four  unknown 
arbitrary  constants  to  be  determined,  and  evidently  two  more 
equations  must  be  obtained  before  they  can  be  found.  These 
equations  may  be  formed  from  the  consideration  of  the  quantities 
of  electricity  which  will  flow  in  the  two  circuits  while  the  mag- 
netic field  is  changing,  on  account  of  the  change  in  the  impressed 
electromotive  force.  The  number  of  lines  initially  threading  the 
primary  circuit  is  Lx  I'  due  to  the  primary  current,  plus  M 1" 
lines  due  to  the  secondary  ;  finally,  when  the  primary  current 
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has  the  steady  value  /,  the  number  of  lines  will  be  Lx  I  The 
quantity  of  electricity  (in  c.  o.  s.  units)  which  will  flow  in  the 
primary,  due  to  the  change  in  the  magnetic  fields  will  be  equal  to 
the  change  in  lines  divided  by  the  resistance,  or 

Ltl'  +  Ml'-Ltl 

Similarly,  the  initial  number  of  lines  threading  the  secondary 
will  be  Za  V  +  M  /',  which  will  change  to  the  final  value  MI; 
whence 

.      ur  +  Mr  —  mi 
v*-  7t~2  ■ 

Now  these  values  of  the  quantities  of  electricity,  in  primary 
and  secondary,  may  be  obtained  from  the  integrals  of  the  current 
equations.  The  integrals  of  (66)  and  (67)  between  the  limits 
zero  and  infinity,  will  give  the  quantities  of  electricity  which  will 
flow  during  an  infinite  time  from  the  time  of  changing  the  im- 
pressed electromotive  force ;  thus,  from  (66), 

J  i  =  0  °°        ?\    '     r2 

Now  the  first  term  in  the  second  member  is  the  quantity  which 

will  flow,  due  to  the  final  steady  current  I  =  ^-,  and  the  re- 
maining two  terms  represent  the  quantity  which  will  flow,  due  to 
the  change  in  the  magnetic  field,  or 

The  secondary  flow,  from  (67),  is 


Q*  —  /  L  d  t  =  —  +  — • 


This  gives  us  the  two  additional  equations  containing  the  un- 
known arbitrary  constants.  From  these  two  equations  and  the 
two  before  obtained  (68),  the'  four  constants  are  found  to  be 

ri  (r,  Qx  +  /-  /') 


c,  = 


<h  = 


T*  —  *l 
T2(I'-I-TXQX) 


T2  —  T{ 

_  ri  fa  Q%  —  ln) 


c%  =    *- 


r2  —  r, 
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Equations  (66)  and  (67),  with  these  values  substituted  for  the 
arbitrary  constants  of  integration,  give  the  values  of  primary  and 
secondary  currents  at  any  time  after  the  alteration  of  the  primary 
impressed  electromotive  force.  The  values  of  rx  and  r8  so  de- 
pend upon  the  constants  of  the  circuits  that  they  are  always  real, 
and  so  the  change  of  the  currents  from  their  initial  to  final  values 
is  gradual  and  non-oscillatory. 

The  nature  of  this  change  in  the  currents  is  shown  by  the 
typical  curves  in  Fig.  1  representing  a  case  in  which  the  primary 
current  is  changed  from  a  value  o  a  to  a  final  value  o  b,  the 


Fig.  1. 

secondary  current  rising  from  zero  to  a  maximum,  and  gradually 
dying  away  to  zero  again.  In  all  cases  where  the  primary  is 
either  increased  or  decreased  from  one  steady  value  to  another 
by  make  or  break,  the  secondary  current  curve  would  have  a 
shape  similar  to  that  shown.  The  primary  current  curve  as 
shown  is  typical  for  any  case  of  decrease,  either  to  a  finite  steady 
value  or  to  zero ;  if  inverted,  it  would  show  the  change  for  a 
corresponding  increase. 

CASE   OF   NO   MAGNETIC    LEAKAGE. 

In  the  hypothetical  case  of  no  magnetic  leakage  the  equations 
take  the  simpler  forms  of  (50)  and  (51).  According  to  these 
equations,  the  change  of  the  primary  and  secondary  currents 
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from  initial  to  final  values,  due  to  a  change  of  the  primary  im- 
pressed electromotive  force  from  its  initial  to  a  final  steady  value, 
would  be  represented  by  exponential  curves.  Fig.  2  typically 
represents  such  a  change.  The  primary  current  is  changed  from 
a  value  oa  to  a  final  steady  value  o  b  in  the  opposite  direction, 
the  total  change  being  represented  by  a  b.  The  secondary  cur- 
rent is  represented  by  an  exponential  curve  with  initial  value 
o  c,  and  final  value  zero.  Now  in  the  case  supposed,  the  second- 
ary current  will  be  initially  zero,  and  to  follow  this  exponential 


Fig.  2. 

law  it  would  have  to  immediately  assume  the  value  o  c.  Evi- 
dently this  is  impossible,  and  it  shows  that  the  case  of  absolutely 
no  magnetic  leakage  i6  hypothetical.  The  dotted  line  shows  the 
nature  of  the  rise  from  zero,  giving  a  curve  as  that  shown  in 
Fig.  1. 

Discussion  of  Cask  of  Mutually  Kelated  Circuits  contain- 
ing a  Condenser. 

Let  us  first  consider  the  case  in  which  there  is  a  condenser  in 
the  secondary  circuit.     The  general  case  of  make  or  break  will 
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be  treated  as  before  by  assuming  the  primary  and  secondary  cur- 
rents to  be  initially  I'  and  I*  respectively,  and  the  impressed 
electromotive  force  to  be  altered  to  a  constant  value  E'.  The 
expressions  for  the  currents  in  the  primary  and  secondary  at  any 
time  t  after  the  change,  may  be  found  directly  from  equations 
(62)  and  (63)  by  substituting/^)  =  E\f'(t)  =  0,and/"(Q  =  0. 
Making  these  substitutions  and  performing  the  integrations  indi- 
cated we  obtain 

*,  =  :*'  +  <,,,-*.■'*  +02t-"2\  (69) 

t,  =  c*  t-V  +  c,  •-'•"*.  (70) 

These  equations  are  similar  to  (66)  and  (67)  already  discussed, 
and  when  the  constants  r/  and  r2"  are  real,  the  phenomena  at- 
tending the  make  or  break  do  not  differ  from  those  already  re- 
ferred to,  illustrated  in  Fig.  1,  and  need  no  further  explanation. 

OSCILLATORY    CASE. 

The  constants  of  the  two  circuits  may  have  such  values,  how- 
ever, that  the  constants  rf  and  r{  are  imaginary,  in  which  case 
the  equations  (69)  and  (70)  may  be  transformed,  by  means  of  the 
exponential  values  of  the  sine  and  cosine,  into  a  real  form.  By 
referring  to  the  values  of  the  constants  x"  and  r/  given  in  (58) 
and  (59),  we  can  note  whether  these  values  are  real  or  imagi- 
nary, and  whether  or  not  a  transformation  is  necessary.     When 

(L  \2 

jr  +  Rx  R%  j  is  greater  than  4  Rx  (Rx  Z,  -f-  R2  Lx\  the  values 

of  r,"  and  r./  are  real,  and  the  equations  (69)  and  (70)  may  be 
interpreted  as  (66)  and  (67);    that  is,  there  is  no  oscillation. 

When  (jj-{-Rl  R2\  is  less  than  4  RX(RX  L%  +  R2  Li\  the  values 

of  t"  and  r2"  become  imaginary.  Equations  (69)  and  (70)  can 
be  transformed,  however,  into  the  real  forms, 

h  =  ^ -  +  Ax  e  ~P  t  sin  (a  t  +  0,),  (71) 

*2  =  A2  e  -p  l  sin  (a  t  +  <P2).  (72) 

In  the  equations  Al9  A2,  0X,  #2,  are  constants  of  integration, 
which  may  be  determined  from  the  supposed  conditions;  p  and 
a  are  constants  depending  upon  the  constants  of  the  circuit, 
thus: 
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Lx 


__      C"  +  ^i  ^* 


(73) 


a  l  3  (/\  Z2  +  Ji2  Z,)  ' 

Equations  (71)  and  (72)  show  that  both  primary  and  seconda 


currents  will  oscillate  harmonically  about^their  final  values 


>naary 
s  with 


Fw.  3. 


2tt 


a  period  equal  to  — ,  the  maximum  values  of  the  oscillations 

decreasing  rapidly  with  a  logarithmic  decrement  depending  upon 
the  value  of  p.     The  final  steady  value  of  the  primary  current 

E' 
will  be  -t>-,  and  the  secondary  will  become  zero  after  a  short  in- 
terval of  time.     The  amplitude  of  the  oscillations  depends  upon 
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«: 


the  values  of  Ax  and  A2 ;  their  relative  phase  upon  the  values  of 
0,  and  </>2. 

The  nature  of  these  oscillations  will  be  more  clearly  under- 
stood by  inspection  of  the  typical  curves  in  Figs.  3,  4  and  5. 
Fig.  3  represents  the  value  of  the  primary  current  at  each  point 
of  time  as  it  changes  from  an  initial  value  /'  to  a  final  value  /. 


Fig.  4. 

The  distance  B  C  represents  the  difference  between  the  initial 
and  final  currents.  The  curve  lies  between  two  logarithmic  en- 
velopes A  Ay  the  initial  value  of  which  is  equal  to  Ax  in  equa- 
tion (71),  the  rate  of  decay  depending  upou  p.  The  relation  of 
I'  and  /  to  the  origin  is  immaterial ;  either  may  be  the  greater  or 
may  be  zero.  If  the  initial  value  1'  is  zero,  the  origin  should 
be  moved  from  O  to  B.     If  the  initial  value  is  not  zerp  and  the 
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final  value  is  zero,  the  oscillations  are  as  shown  in  Fig.  4.  Where 
both  initial  and  final  values  are  zero,  the  curve  in  Fig.  5  shows 
the  instantaneous  values  of  the  primary  current. 

The  oscillations  in  the  secondary  circuit  are  similar  in  general 
character  to  those  in  the  primary.  The  nature  of  the  oscillations 
in  the  secondary  current,  as  it  changes  from  an  initial  value  O  B 
to  a  final  steady  value,  is  shown  by  Fig.  4.  Fig.  5  shows  the 
same  with  the  secondary  current  initially  zero. 


/A 


Fig.  5. 


The  foregoing  explanation  of  the  oscillations  caused  by  make 
or  break,  when  the  secondary  circuit  contains  a  condenser,  is 
simply  the  interpretation  of  equations  (62)  and  (63).  If  the 
condenser  be  placed  in  the  primary  circuit  instead  of  the  second- 
ary, the  phenomena  will  in  many  respects  be  the  same  as  those 
just  described,  inasmuch  as  the  equations  (64)  and  (65)  for  the 
currents  in  this  case  are  similar  to  (62)  and  (63)  for  the  secondary 
condenser,  and  a  detailed  discussion  is  accordingly  unnecessary. 
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Harmonic  Impressed  Electromotive  Force. 

primary  current. 

In  taking  up  the  discussion  of  current  flow  when  the  electro- 
motive force  impressed  upon  the  primary  is  harmonic,  let  us 
return  to  the  most  general  expressions  for  the  primary  and 
secondary  currents — the  differential  equations  (16)  and  (19) — and 
assume  the  electromotive  force  to  have  a  value  E  m\  co  t. 

Substituting  in'  (16) : 

/  (t)  =  Esin  co  t ;  /"  it)  =  —  E co2  sin  co  t\ 

f  (*)  =  Eco  cos  to  t ;  f"  (t)  =  —  E  to*  cos  co  t ; 

the  expression  for  primary  current  is  obtained  : 

7j-  cos  ut — R2Ku*  sin  vt — L2E**>*  cos  ut 
1 '  =(LXL9-M  *)D*+(Ril>2+R*U)D*  (75) 

Now 

D  sin  co  t  =  co  cos  co  t,  and  D1  sin  co  t  =  —  co2  sin  co  t 

whence 

D*  =  —co\  and  &=  co\ 

The  numerator  in  (75)  may  be  written  as  one  term  by  the 
trigonometric  formula, 

A  ein  0  +  B  cos  0  =   VA2  +  El  sin  Id  +  tan    -A.   (76) 

Combining  the  numerator  in  this  manner,  substituting  —  co2 
and  w4  for  D2  and  Z)4,  and  multiplying  by  Z),  we  may  write  (75) 
thus : 

*l  «/>+<o0  (77) 

where 

«=«,XZlZ2-J^-^(^+^+i21#2)+^ ;  (78) 

i9=«s(i?1A+Jff2ZI)-w(^+^)-  (79) 

To  free  (77)  from  the  operator  J),  operate  upon  the  numerator 
as  indicated,  and  multiply  numerator  and  denominator  by  a  D 
—  co  ,9.  Substitute  —  co2  for  i?2,  and  perform  the  operation  D 
in  the  numerator.     Having  now  become  rid  of  the  operator  />, 


-       w        rf    -  J  -J* 
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we  have  the  required  integral,  which  expresses  the  value  of  the 
primary  current  at  any  time.     Thus : 

i,  =  Ix  sin  (a>  t  +  0),  (80) 

where 


and 


1  Vc?  +  f? 


(81) 


(82) 


Here  0  is  the  angle  between  the  primary  current  and  the  im- 
pressed electromotive  force. 

SECONDARY    CURRENT. 

The  secondary  current  is  similarly  obtained  by  referring  to  the 
general  equation  (19),  and  substituting/*'"  (t)  =  —  E  io*  cos  to  t ; 
IP  =  —  a)2 ;  D*  =  to4.  Making  these  substitutions,  and  multi- 
plying numerator  and  denominator  by  D9  we  obtain 

D  M  E  to  cos  io  t  /oo\ 

1  a  D  -f-  to  p 

Operating  upon  the  numerator  by  /?,  then  multiplying  both 
numerator  and  denominator  by  a  I)  —  to  /?,  and  again  operating 
as  indicated,  we  free  the  equation  from  the  operator  Z>,  and 
obtain  the  final  integral 


%  =  /,  sin  (to  t  —  90°  +  tan"1  Q, 


(84) 


L  =  -— -•  (™) 


where  a  and  /9  stand  for  the  expressions  given  in  (78)  and  (79), 
and 

Va*  +  ft* 

These  equations  just  obtained  for  the  primary  and  secondary 
currents  are  the  general  equations  for  a  transformer,  subjected 
to  an  harmonic  impressed  electromotive  force,  when  we  have  a 
condenser  in  each  circuit,  and  make  no  assumption  as  to  the 
absence  of  magnetic  leakage,  but  neglect  the  change  in  coeffi- 
cient of  self-induction  due  to  the  presence  of  iron.  Their  com- 
plete discussion  would  be  beyond  the  limits  of  the  present  paper. 
The  generality  of  the  equations  may  be  modified  by  various 
limitations, — as,  for  instance,  by  the  omission  of  one  or  both 
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condensers,  and  by  the  assumption  of  no  magnetic  leakage.  The 
snbject  can  be  treated  in  the  inverse  order,  and  the  more  general 
obtained  synthetically  from  the  simpler  cases,  the  results  being 
the  same  as  those  obtained  analytically.  The  identification  of 
the  results  obtained  for  a  certain  case  from  the  general  solutions, 
and  those  obtained  for  the  same  case  by  a  process  of  building  up 
from  simpler  cases,  is  not  always  readily  shown.  Suffice  it  to 
illustrate  in  the  case  in  which  both  primary  and  secondary  con- 
densers are  omitted  and  there  is  no  leak ;  that  is,  when 

d  =  qo  ;  C2  =  oo ;  M2  =  Zj  Zj. 

The  theory  of  the  transformer  for  this  case  has  been  syntheti- 
cally developed  by  the  writers,*  and  may  be  identified  with  the 
results  obtained  for  this  case  from  the  general  discussion  in  this 
paper. 

The  general  relation  between  primary  and  secondary  currents 
(81)  and  (85)  is 

Mwlx 

'  =  V*  +  (£.  -  A-)-  .      <86> 

This  expression  is  evidently  in  accordance  with  the  law  that  the 
current  in  a  circuit  is  equal  to  the  impressed  electromotive  force 
divided  by  the  impediment.  For  the  particular  case  under  dis- 
cussion this  becomes 

li  — 


The  general  value  for  the  primary  current  in  (81)  reduces  for 
the  particular  case  to 

E  VB?  +  L?  to" 


t  2  ...» 


These  results  are  the  same  as  those  obtained  on  page  (340)  in 
the  series  of  articles  just  referred  to. 

The  angular  relation  between  the  primary  and  secondary  cur- 
rents is  seen  by  a  comparison  of  (80)  and  (84).  The  secondary 
current  lags  behind  the  primary  by  an  angle  of  90°  plus  an  angle 

*  "Theory  of  the  Transformer,"  Electrical  World,  vol.  xxxi.,  beginning  No. 
12,  March,  1893. 


102  DRS.  BEDELL  AND  OREHORE. 

whose  tangent  is    t>   /7"  —     ft    •     ^  there  is  no   condenser 

2^2  OP 

in  the  secondary,  this  lag  is  —  90°  —  tan-1  -p-  ,  which  is  in  ac- 
cordance with  the  well-known  transformer  diagram.  A  con- 
denser in  the  secondary  might  reduce  this  angle  to  90°  or  make 
it  even  less,  as  is  seen  from  the  equations,  and  may  likewise  be 
shown  synthetically.  The  geometrical  construction  of  trans- 
former diagrams  may  be  thus  analytically  established. 

If  we  consider  that  there  is  no  magnetic  leakage  and  put 
Lx  Za — M2  =  0,  and  that  there  are  no  condensers  in  circuit,  the 
expression  (78)  and  (79)  for  a  and  ft  become 

a  =  «J  (B,  Lx  +  E2  L,\ 


and 
Hence 


p   =   10    Hi  jfi?2- 


tan~lL  =  tan-1  -    '  —  -i-==- 
a 


and  by  (82), 


<p  =  tan"1-(ir+^)+tftn    r- 

This  easily  reduces  to 

Lxti) 

0  =  tan  -' f '  (88) 

1  +  ^  i?2  +  iy 

which  is  identified  with  the  result  given  on  page  340  of  the 
articles  in  the  Electrical  World  referred  to  above. 

Although  the  analytical  expressions  might  be  found  by  means 
of  the  general  equations  (16)  and  (19),  when  there  is  an  harmonic 
impressed  electromotive  force,  to  cover  all  cases  which  arise  when 
there  are  condensers  present  in  the  circuits  of  a  transformer,  yet 
it  will  be  found  that  many  problems  will  lend  themselves  to 
readier  solution  by  the  graphical  methods  in  which  diagrams  are 
built  up  by  synthetic  processes.  It  is  considered  that  the  above 
examples,  which  identify  the  results  independently  obtained 
from  differential  equations  with  the  diagrams  made  from  other 
considerations,  are  sufficient  to  show  that  any  diagram  has  its 
analytical  equations,  and  any  equations,  properly  derived  from 
the  harmonic  law,  have  their  corresponding  geometrical  inter- 
pretation. 
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Make  and  Break  with  Harmonic  Electromotive  Force. 

In  the  discussion  of  the  current  flow  in  the  primary  and 
secondary  of  a  transformer  subjected  to  an  harmonic  electromo- 
tive force,  the  exponential  terms  which  constitute  the  comple- 
mentary function  have  been  omitted  from  the  equations,  and  the 
currents  are  simple  harmonic  functions  of  the  time.  These  ex- 
ponential terms  modify  the  current  for  a  short  time  after  the 
make,  but  their  effects  rapidly  diminish  and  become  negligible 
after  a  fraction  of  a  second.  The  exponential  terms  have  been 
discussed  in  the  earlier  part  of  this  paper,  and  the  effects  there 
described  are  to  be  superimposed  upon  the  simple  harmonic  flow 
of  current  which  would  take  place  if  they  were  not  present. 
Whether  these  terms  are  oscillatory  or  not  depends,  as  before, 
upon  the  relation  between  the  various  constants  of  the  circuits. 
When  the  complementary  function  is  oscillatory,  the  resultant 
current  for  a  short  time  oscillates  about  its  final  sinusoidal  form, 
its  form  depending  upon  the  relation  between  the  period  of  the 
impressed  electromotive  force  and  the  natural  period  of  the  cir- 
cuit, and  upon  the  time  of  introduction  of  the  electromotive 
force.  The  periods  may  be  such  that  distinct  beats  are  obtained. 
These  oscillations  are  the  same  in  nature  as  those  which  occur 
after  the  make  of  a  single  circuit  containing  resistance,  self-in- 
duction and  capacity, 

Current  Flow  in  a  Single  Circuit. 

The  equations  for  a  single  circuit  containing  resistance,  self- 
induction  and  capacity  are  directly  derivable  from  those  for  a 
transformer  by  assuming  that  the  secondary  is  removed.  To  find 
the  values  for  a  and  /?  for  this  case,  take  out  from  (78)  and  (79) 

L^w  Jf  a)  1 

the  factor  Rx  R%  w\  and  let  —^-  =  0 ;  — jt-  =  0 ;   p~p —  =  0. 

For  the  primary  circuit  alone,  we  then  obtain  the  values 

Substituting  these  values  in  (80),  the  expression  for  primary  cur- 
rent becomes 


E  .     i  ./      1 


i.  =  —  =^sin  <  a) 


A2+(i-^) 


_— '-\  I 


/P2  ,/  1 rf»«i  «~-r»»    \t\Bi*     Bx)$    (89) 
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This  is  the  value  for  the  current  at  any  time  in  a  simple  circuit 
containing  resistance,  self-induction  and  capacity  when  subjected 
to  an  harmonic  electromotive  force,  and  is  fully  discussed  for 
general  and  particular  cases  in  the  writers'  treatise  on  Alternat- 
ing Currents. 

Conclusion. 

We  have  considered  two  mutually  related  circuits  with  con- 
stant coefficients  of  self-induction,  thus  not  taking  into  considera- 
tion the  changes  in  the  coefficient  of  self-induction,  which  occur 
at  high  magnetization,  when  iron  is  present  due  to  the  hysteresis 
loss.  The  analytical  work  can  only  be  rigorously  correct  when 
there  is  no  iron,  and  must  be  looked  upon  as  an  approximation, 
when  iron  is  present,  which  is  justified  when  a  high  degree  of 
magnetization  is  not  reached.  We  have  developed  the  expres- 
sions for  the  current  flow  in  such  circuits  in  general  due  to  any 
impressed  electromotive  force,  and  have  illustrated  how  they 
may  be  reduced  to  simpler  forms  for  particular  cases, — as  for  the 
case  of  an  ordinary  transformer  and  for  a  simple  circuit.  The 
limits  of  this  paper  make  it  impossible  to  enter  into  a  full  discus- 
sion of  the  analytical  results  obtained  or  to  take  up  the  many 
particular  cases  covered. 


As  there  was  no  discussion  on  this,  the  following  paper  was 
then  read. 


EXPLANATION  OF  THE  FEREANTI  PHENOMENON. 


BY   DR.    T.    SAHULKA. 
Of  the  Technical  High  School,  Vienna.  Austria. 


In  the  paper  I  intend  to  read  before  you,  I  shall  give  a  theo- 
retical explanation  of  the  Ferranti  phenomenon,  and  communi- 
cate some  results  obtained  by  experiments. 

If  the  primary  of  a  converter  is  in  connection  with  an  alter- 
nating current  generator,  whilst  the  secondary  is  connected  with 
a  condenser,  the  capacity  of  which  is  not  too  great,  then  some 
phenomena  can  be  seen,  that  are  named  the  Ferranti  phenomena. 
The  ratio  of  transformation  of  the  converter  may  be  consider- 
ably increased  ;  at  the  same  time  the  primary  current  is  a  little 
smaller,  and  the  primary  potential  difference  a  little  greater  than 
is  the  case  when  the  condenser  is  disconnected  from  the  con- 
verter. These  phenomena  were  first  observed  in  the  Deptford 
Central  Station,  near  London,  when  the  secondary  of  a  step-up 
converter,  which  transformed  from  2,500  to  10,000  volts,  was 
connected  with  a  Ferranti  concentric  cable.  A  full  explanation 
of  these  phenomena  has  not  been  given  up  to  date,  as  far  as  I 
know.  It  can  be  proved,  theoretically,  that  the  cause  of  the 
Ferrcmti  phenomenon  is  based  on  the  magnetic  leakage ;  that 
was  also  experimentally  proved  by  me.  Should  all  lines  of 
force,  induced  by  the  primary,  traverse  all  turns  of  the  secondary, 
then  the  Ferranti  phenomenon  could  not  occur. 

Theoretical  Explanation. 

First  Case. — We  may  firstly  consider  the  case  in  which  the 
secondary  is  not  connected  with  a  condenser,  but  with  a  resist- 
ance 7*25  having  no  capacity  and  self-induction.  The  primary 
potential  difference  may  be  Jt  sin  2  t:  n  t  in  which  formula  n 
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is  the  number  of  full  periods  per  second.  The  ohmic  resistance 
of  the  primary  coil  may  be  named  Ru  the  total  ohmic  resistance 
of  the  secondary  circuit  R2 ;  the  coefficients  of  self-induction 
may  be  named  Lt  1^  the  coefficient  of  mutual  induction  M.  If 
ex  <%  are  the  instantaneous  values  of  the  primary  and  secondary 
current,  then  the  equations  of  Maxwell  must  hold : 


Ax  sm  2  it  n  t  =  Rx  cY  +  A  ~T\  +  M  ~T\ 

de%        -Mdcx 

0  =  ^  *  +  **  Ti  +  ^  dl 

Let : 

j)  =  2  it  n. 


(1) 


*  = 


VBf  +  tfL? 

We  get  according  to  the  formulae  of  Maxwell,  for  the  maxi- 
mum value  of  the  secondary  currents  the  expression : 

C  =  *l  ^  (2) 

2       V(R2  +  VRtf  +^(A—  VL$ 

The  maximum  difference  of  potential  between  the  secondary 
terminals  is : 

4  =  0%  7v 

The  ratio  of  transformation  is : 

J2  k  rt 

"  =  4  =  V{R2  +  *» Rxf  +  tf (A  —"FA)2  (3) 

The  value  of  jBj  is  always  very  small  and  can  be  neglected. 
If  the  secondary  is  open  or  closed  by  a  great  resistance  r^  then 
we  can  approximately  substitute  r2  =  R2,  as  the  ohmic  resistance 
of  the  secondary  coil  is  very  small  in  comparison  with  r2.  We 
get  from  the  formulae  (2)  and  (3). 

M 

*=A' 

M .!>-        -  (4) 


V^  +  ^A-f)' 


If  the  converter  is  a  very  good  one,  that  means,  if  there  is  no 
magnetic  leakage  at  all,  then  we  have 

M2  =  A  A 

and,  therefore, 

Mr2 

U     =7- — 

z  /*• 
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The  values  of  Zt  and  L^  are  in  this  case  in  the  ratio  of  the 
squares  of  the  turns  Nx  and  N2  of  the  primary  and  secondary 
coil.     Therefore  it  follows  : 

N2r2 

If  r2  is  very  great,  or  if  the  secondary  is  open,  then  we  can 
substitute  for  r2 :  H2  and  get 

If,  however,  the  condenser  has  a  great  magnetic  leakage,  then 
we  have 

M 2  <  A  U 

In  the  formula  4  remains  the  second  term  in  the  denominator, 
therefore,  we  get: 

M 

w<zr 

Besides  we  have  in  this  case : 

M  <  VZ^L,  or  ^  <    /j^ 


therefore  is  the  more 

u  < 


A7 


If  there  is  a  great  magnetic  leakage  in  the  converter,  the 
ratio  of  transformation  may  be  considerably  smaller  than  the 
ratio  of  the  number  of  turns. 

Second  Case. — The  secondary  of  the  converter  may  be  con- 
nected with  a  condenser  of  capacity  K.  We  have  now  to 
substitute  in   the   formula  (1)   of  Maxwell,  for  L^  the   value 

J*t  —    o  J*)  as  the  condenser  has  the  apparent  negative  coefficient 

of  self-induction  :  -2—jr 

The  formula  for  C2  has  to  be  changed  in  the  same  way,  the 
formulae  for  k  undergoing  no  change.  The  value  of  R2  is  in 
this  case  only  the  ohmic  resistance  of  the  secondary  coil,  and  is, 
therefore,  very  small,  just  like  Rv  We  get  the  maximum  dif- 
ference of  potential  J2  between  the  terminals  of  the  secondary 
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by  multiplying  C2  with  the  apparent  resistance  (impedance)  of 

the  condenser,  that  is  to  say,  with  — - .     We  have,  therefore : 

p  K 

Neglecting  Rx  Mt  and  substituting  for  k  its  value,  we  get : 


u  =  4  -  M  l 


4~  A~j>  ttIt       M*         1\  (6) 


^-£-A) 


If  there  is  no  magnetic  leakage  in  the  converter,  then  we  have 
to  substitute : 

M 2  =  Z,  U 


It  follows : 


u  =     l 


The  ratio  of  transformation  of  a  converter  having  no  mag- 
netic leakage  remains  the  same,  the  secondary  may  be  open,  or 
connected  with  a  great  ohmic  resistance,  or  connected  with  a 
condenser  having  a  small  capacity. 

If,  however,  the  converter  has  a  great  magnetic  leakage,  then 

in  the  formula  (6)  the  difference  L*  —  -=r-  in  the  denominator  is 

no  more  equal  to  zero.  As  there  is  a  difference  in  the  denomi- 
nator, we  can  find  suitable  values  of  Jf,  making  the  difference 
very  small.  In  this  case  the  ratio  of  transformation  can  be  con- 
siderably increased,  and  depends  upon  K.  Calculating  the  ratio 
of  transformation  from  the  formula  (6),  we  must  not  forget,  that 
in  formula  (5),  the  term  (i?2  +  &  ^if  was  neglected ;  that  is 
only  allowable  if  the  second  term  has  a  considerably  greater  value. 
If  the  ratio  of  transformation  increases,  then  at  the  same  time 
the  phenomenon  was  observed,  that  the  primary  current  de- 
creases a  little,  and  the  primary  potential  difference  increases  a 
little,  provided  the  alternator  furnishes  a  constant  electromotive 
force.  That  is  caused  by  the  increase  of  the  impedance  of  the 
primary.  It  the  secondary  circuit  is  open,  the  primary  coil  has 
the  impedance : 
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If  the  secondary  circuit  is  connected  with  a  condenser,  we 
have  to  substitute  for  Ht  L^  other  values  R?  Z,1,  which  have 
been  calculated  by  Maxwell,  but  we  have  to  substitute  in  these 
formulae  of  Maxwell  for  Zj  the  value : 

1 


A- 


y  x' 


Now  we  get 


„  M  *  0*  Ra 

R?  =  R,  +  *      * 


W  =  Lx  - 


*V  (A- grg) 


/f / »+yz/ »=(if1«+^A,)+ 7 1  v»    p 

The  denominator  of  the  second  term  in  the  last  equation  has 
always  a  positive  value.     In  the  numerator  we  find  a  difference. 

2  L 
If  K  is  small,  then  the  term  ^-^  has  a  great  value,  and,  there- 
fore, the  numerator  will  be  positive.     In  thi6  case  we  get : 

R^+fL^y  R12+jrtL1\ 

The  increase  of  the  impedance  of  the  primary  coil  causes  a 
decrease  of  Ct  and  an  increase  of  dx. 

Experimental  Results. 

The  result  of  the  calculation,  that  the  Ferranti  phenomenon 
is  caused  by  magnetic  leakage,  was  found  in  accordance  with  the 
following  experiments.  I  designed  for  this  purpose  a  special 
converter.  The  straight  core  consisted  of  about  2,000  varnished 
iron  wires,  having  a  length  of  41  cm.  and  a  thickness  of  1  mm. 
The  whole  length  was  divided  in  two  unequal  parts,  one  quarter 
and  three  quarters  of  the  length.  Around  the  shorter  part  was 
wound  a  coil  of  copper  wire  having  three  layers,  every  layer 
consisting  of  73  turns.  Over  this  coil  was  wound  another  coil, 
having  only  one  layer  of  73  turns.  In  the  same  way  there  were 
wound  around  the  longer  part  of  the  core,  firstly,  an  inner  coil, 
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consisting  of  three  layers,  each  layer  having  3.73  =  219  turns, 
and  then  an  outer  coil  having  only  one  layer  of  219  turns.  The 
coils  were  well  insulated.  The  copper  wire  was  thin,  as  the  con- 
verter was  not  designed  to  supply  heavy  currents,  and  as  every 
experiment  only  lasted  a  short  time.  If  the  two  coils,  wound 
around  the  shorter  part  of  the  core,  were  connected  in  series 
and  used  as  the  primary  circuit,  then  the  magnetic  leakage  was 
very  strong;  the  numbers  of  turns  are  in  the  ratio  292:876=1 :3. 
If,  however,  the  two  outer  coils  connected  in  series  wei*e  taken 
as  primary,  and  the  two  inner  coils  in  series  as  the  secondary  cir- 
cuit, then  the  magnetic  leakage  was  small,  the  turns  of  the  prim- 
ary and  secondary  being  equally  distributed  over  the  whole 
length  of  the  core ;  in  this  second  case  the  numbers  of  turns  are 
in  the  same  ratio  as  before  292  :  876  =  1:3. 

The  alternate  current  used  for  the  experiments  was  supplied 
by  an  electric  central  station.  The  current  had  2,500  full  periods 
per  second,  and  a  potential  difference  of  about  105  volts.  The 
primary  of  the  above  described  converter  was  connected  in  series 
with  a  regulating  resistance,  in  order  to  get  the  same  effect  as  if 
the  converter  were  connected  immediately  with  an  alternator. 
The  potential  difference  4  between  the  terminals  of  the 
primary  was  measured  with  a  Cardew  voltmeter,  the  potential 
difference  J2  between  the  terminals  of  the  secondary  with  a 
multicellular  electrostatic  voltmeter,  requiring  almost  no  current. 
The  intensity  of  the  primary  current  may  be  called  6\,  the  ratio 
of  transformation  u. 

First  Experiment. — The  coils  of  the  converter  were  con- 
nected for  great  magnetic  leakage.  When  the  terminals  of  the 
secondary  circuit  were  connected  with  the  electrostatic  volt- 
meter only,  the  following  values  were  measured : 

4  =  74,  J2  =  102  volts,  u  =  1.38,  Cx  =  7.6  amperes. 

If  the  terminals  of  the  secondarv  were  now  connected  with  a 
condenser,  having  paraffined  paper  as  dielectric  aiftl  a  capacity 
of  5.15  microfarad,  then  the  values  were  changed  into: 

4  =  75.3,  J2  =  122.7,     u  =  1.63,  Cx  =  7.5. 

The  ratio  of  tranformation  increased  18  per  cent.  It  is  cer- 
tain that  a  condenser  of  a  greater  capacity  would  have  caused  a 
still  greater  increase  of  the  ratio  of  transformation,  correspond- 
ing with  the  observed  effects  caused  by  condensers  of  a  smaller 
capacity;  but  I  had  no  larger  condensers  at  my  disposal.     We 
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cannot  wonder  that  the  ratio  of  transformation  is  much  smaller 
than  the  ratio  of  turns,  the  magnetic  leakage  being  very  great. 

Second  Experiment. — The  coils  of  the  converter  were  con- 
nected for  small  magnetic  leakage.  If  the  secondary  circuit  was 
open,  the  values  were : 

4  =  55.6,  J2  150,  u  =  2.70,  Cx  =  7.9. 

By  connecting  the  secondary  terminals  with  the  above  mentioned 
condenser,  the  values  were  changed  into : 

4  =  56.6,  J2  =  154.9,  u  =  2.74  C\  =  7.8. 

In  this  case  the  ratio  of  transformation  increased  only  by  1.5  per 
cent.  The  resistance  connected  in  series  with  the  primary  cir- 
cuit was  in  this  second  experiment  not  the  same  as  in  the  first, 
otherwise  the  primary  current  would  have  been  too  strong. 

Third  Experiment. — The  converter  had  great  magnetic  leak- 
age. The  potential  difference  between  the  terminals  of  the 
secondary  was  measured  with  a  Cardew  voltmeter  requiring  0'2 
ampere.   When  the  condenser  was  disconnected  there  was  found : 

4  =  63.1,  4  =  85,  u  =  1.35. 

After  inserting  the  condenser,  the  values  changed  into : 

4  =  63.7,  J2  =  96,  u  =  1.51. 

The  increase  of  the  ratio  of  transformation  amounts  in  this  ex- 
periment only  to  11.9  per  cent.  The  more  the  secondary  would 
be  loaded,  the  less  would  be  the  increase. 

The  results  that  I  have  obtained,  either  by  theory  or  by  ex- 
perimental researches,  show  that  the  Ferranti  phenomenon  is 
caused  by  magnetic  leakage. 


Final  Meeting,  Friday,  August  25th. 

Section  A  was  called  to  order  at  10  a.  m.,  by  Secretary 
Kimball. 

Professor  MacFarlane  was  elected  temporary  chairman. 

In  the  absence  of  the  author  the  following  paper  (in  French) 
was  read  by  title. 


MEASUREMENT  OF  THE  ENERGY  OF  POLYPHASE 

CURRENTS. 


BY    A.    BLONDEL,    PARIS,    FRANCE. 


Ever  since  the  appearance  of  the  polyphasal  currents,  the 
electricians  have,  with  right,  tried  to  find  a  simple  method  of 
measurement,  which  is  applicable  to  the  determination  of  the 
electrical  power  consumed  by  a  polyphase  circuit  or  any  current 
receiving  apparatus. 

But,  strangely,  at  first  complicated  formulae  were  arrived  at 
by  the  aid  of  laborious  demonstrations,  while  the  simple  formula 
which  is  used  to-day,  became  almost  self-evident. 

I  will  here  only  give  a  general  idea  of  this  question,  supposing 
any  number  of  phases  and  of  conductors,  and  you  will  see  that 
the  formulae  known  to  you  are  simply  particular  cases  of  the 
general  formula,  and  that  they  are  not  capable  of  any  further 
simplification. 

General  Case:  Polyphasal  Currents  with  n  Conductors. 

Let  us  consider  n  conductors  aa',  bb',  cc ', . . .  terminating 
into  n  terminals  a,  b,  c,  of  an  apparatus,  in  which  the  external 
circuits  can  assume  a  more  or  less  complicated  form;  these 
conductors,  which  I  will  call  "  principal  conductors  "  are  tra- 
versed by  any  number  of  independent  currents,  which  may 
follow  any  law  whatever. 

Let,  in  any  moment  t,  va,  ib,  ic . . .  signify  the  current  inten- 
sities in  each  of  the  conductors,  and  v„  vb,  vc .  .  .  the  poten- 
tials in  the  terminals  a,  b,  c,  .  .  .  . 

The  intensities  are  all  counted  in  the  same  sense  according  to 
the  arrows,  and  can  be  positive  or  negative. 
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The  algebraic  sum  of  all  the  currents  in  the  n  conductors  is  0 
at  every  instant: 

The  energy  absorbed  during  the  time,  dt,  by  each  of  the  cur- 
rents ia,  ...  is  equal  to  the  product  of  the  quantity  of  electri- 
city absorbed  in  that  time,  ihdt,  multiplied  by  the  correspond- 
ing potential  v%.  The  energy  of  the  n  currents,  in  any  moment, 
is  therefore, 

p  =  2  i%  v%.  (1) 

Instead  of  the  absolute  potentials  we  can  introduce  the  poten- 
tial differences  between  the  terminals  a,  b,  o  .  .  .  and  any  com- 
mon point  m,  having  the  potential  v,  according  to  the  identity 

£  i%  v  =  v2  i%  =  0, 

by  means  of  which  we  can  write  immediately  > 

p  =  I  i%  (v%  —  v). .  (2) 

Let  us  suppose  we  have  to  deal  with  alternating  polyphase 
currents,  then  the  intensities  and  potentials  are  all  of  periodical 
functions,  say,  of  the  same  period  2.  The  mean  energy  can 
be  expressed  by 

Pm=Yj      Pdt-^-rf    i%(v%  —  v)dt.  (3) 

In  order  to  measure  this  energy  practically,  it  will  be  sufficient 
to  determine,  in  the  usual  way,  by  means  of  a  wattmeter  or  by 
the  other  methods  known  to  the  art,  each  one  of  these  partial 
energies 

and  to  add  the  n  values  algebraically. 

In  all  these  measurements,  the  common  point  m  must  b& 
chosen  so  that  none  of  successively  introduced  connections 
changes  the  relative  values  of  the  potentials  va,  vbJ  .  .  .  and  v9 
and  the  distribution  of  the  currents. 

This  result  can  only  be  obtained  if  m  is  chosen  in  the  system 
itself,  or  on  a  specially  definite  branchj  according  to  one  of  the 
following  two  methods : 

First.  Common  Point  M  in  the  System  Itself. — If  the  meas- 
urements are  made  by  means  of  an  electrometer,  by  the  method 
of  Mr.  Potier  or  similar  ones,  no  new  connection  needs  to  be  in- 
troduced between  the  point  m  and  the  terminals  a,  b,  c,  .  .  .,. 


114  BLONDBL  ON  POLYPHASY  CURRJSNT8. 

but  an  additional  resistance  is  successively  inserted  in  each  of 
the  principal  conductors,  capable  of  changing  the  distribution  of 
the  currents ;  in  this  case  the  symmetry  must  then  be  re-estab- 
lished by  introducing  equivalent  resistances  in  all  the  con- 
ductors. 

If,  which  is  here  preferable,  a  wattmeter  with  two  coils  is 
used,  type  Zipernowsky,  then  one  of  the  currents  ta,  in  each 
measurement,  is  sent  through  the  coil  with  coarse  wire,  while  in 
the  same  time  the  coil  with  fine  wire  is  placed  between  the  cor- 
responding terminal,  a,  and  the  chosen  point,  m.  In  order  to 
avoid  that  this  branch  appreciably  alters  the  potentials,  it  is 
sufficient  to  insert — as  in  simple  alternating  currents — a  dead  re- 
sistance, which  is  large  enough  to  make  the  derived  currents 
very  small  compared  with  those  from  which  they  are  branched 
off  (and  in  order  that  the  difference  of  phase  of  the  derived  cur- 
rent is  negligible). 
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Fig.  1. 
In  order  to  reduce  the  number  of  measurements  to  n  —  1,  it 
is  convenient  to  take  as  the  common  point  one  of  the  terminals 
of  the  apparatus  itself,  for  instance,  a.     We  have  then : 

P  =  K  —  *>•)  k  +  Oc  —  v*)  %  + (±) 

an  expression  which  could  have  been  obtained  directly  by  con- 
sidering the  conductor  aa'  as  the  return  lead  of  the  other 
(n  —  1)  conductors. 

Second.  Common  Point  M  in  the  Centre  of  a  Star-I/ike  Branch 
System. — Such  a  system  is  obtained  in  establishing  n  circuits 
am,  bm,  cm,  ....  (Fig.  1),  between  the  terminals  a,  b,  c,  .  .  . 
and  any  external  point  m,  each  of  these  n  circuits  being  formed 
by  a  considerable  dead  resistance  n. 

If  the  n  measurements  are  made  by  means  of  the  electro- 
meter, no  new  connection  between  m  and  the  terminals  need 
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be  made,  and  the  only  source  of  error  will  be  the  one  which  I 
have  given  above. 

If,  on  the  other  hand,  the  wattmeter  is  used,  it  will  be  suffi- 
cient to  insert  the  fine  wire  coil  successively  into  every  branch 
of  the  star-like  system,  taking  care  that  the  chosen  resistance,  b, 
is  sufficiently  large,  and  inserting,  if  necessary,  in  every  branch 
a  coil  equal  to  that  of  the  wattmeter. 

This  second  method  is,  nevertheless,  much  more  complicated 
than  the  first  one,  and  I  only  mentioned  it  on  account  of  its 
theoretical  interest,  and  on  account  of  the  very  symmetrical 
form  which  it  points  to  give  to  the  energy.    Indeed,  the  currents 

in  the  n  branches,  have  for  their  instantaneous  values   -*-j% — , 

— -p — , ,  and  since  their  algebraic  sum  in  the  point  m  is  0, 

we  have, 

I  (v%  —  vj)  =  0,  from  which  v0  =  -  £  v%. 

n 

The  energy  can,  therefore,  be  expressed  by 

P  =  2  im  y>*  —  -  2  vX  (5) 

In  order  to  simplify  the  measurements,  we  can  always  imagine 
an  instrument  which  is  capable  of  giving  the  mean  value  of  the 
energy  by  one  single  reading.  It  is  sufficient  for  this  purpose  to 
construct  a  wattmeter  containing  n  or  (n  —  1)  independent  pairs 
of  coils  (not  having  appreciable  mutual  induction),  and  to  fix 
all  the  movable  coils  to  a  common  axis,  the  torsional  moment  of 
which  can  be  determined  by  the  usual  method. 

Application  to  Currents  with  Three  Conductors. 

The  formulae  for  the  energy  of  three-phase  currents,  which 
have  recently  appeared,  and  which  are  based  upon  certain  sup- 
positions £8  to  the  form  of  the  circuit  (Fig.  2),  are  but  particular 
cases  of  the  general  formula  (2). 

In  fact,  if  we  reduce  the  number  of  conductors  to  three, 
formula  (5)  becomes : 

(«) 

an  expression,  which  has  not  before  been  given ;  if,  in  the  same, 
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we  let  ea,  e^  er,  be  the  potential  differences  between  every  two 
of  the  principal  conductors:  ea  =  v  —  vc;  ep  =  vb  — v0i 
6y=  vc —  v    ;  we  can  write: 

a  formula,  which  was  originally  given  by  Mr.  Goerges,  and 
which  is  evidently  more  complicated  than  the  one  from  which  it 
is  deducted. 

We  can  transform  (7)  to  the  following  formula,  and  receive, 
with  Mr.  Aron : 

P  =  ilea  fo  —  *b)  +  ep  (*b  —  *o)  +  <Y  (4  —  H)]. 
On  the  other  hand,  the  expression  (4)  can  be  transformed  to 

P  =  h>  (<>b  —  «a)  +  %  (v*  —  *>J,  (8) 

a  formula  which  was  recently  given  by  Mr.  Behn-Eschenberg,  and 
afterwards  by  Mr.  Aron. 

A 


Fig.  2. 


The  above  deduction  is  much  more  general  than  any  other 
given  so  far,  and  can  equally  well,  be  applied  to  two-phase  cur- 
rents with  three  conductors. 


Practical  Conclusions. 

In  practice  we  must  try  to  reduce  the  measurement  of  the 
energy  to  the  least  number  of  readings  possible,  and  to  bring 
the  number  of  parts  of  the  measuring  instruments  to  a  mini- 
mum. 

Wattmeters  and  recording  instruments  must,  therefore,  be 
exclusively  based  upon  formula  (8),  and  the  whole  process  finally 
is  the  same  as  measuring  the  total  energy  of  two  independent 
alternating  currents  which  have  only  one  common  return  con- 
ductor. 
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It  is,  therefore,  nothing  special  in  such  a  measurement,  and  it 
is  sufficient  to  put  a  wattmeter  or  a  recording  instrument  in  each 
one  of  the  two  circuits  and  to  add  the  readings. 

In  regard  to  the  recording  instruments,  there  is  a  great  simpli- 
fication and  at  the  same  time  a  great  economy  in  uniting  the  two 
apparatus  into  one  single  one,  as  for  the  first  time  Mr.  Aron  has 
done  (although  his  instrument  has  the  fault  of  establishing  a  cer- 
tain mutual  induction  between  the  two  circuits),  and  as  it  is  done 
now  by  the  watt-meter  of  E.  Thomson. 

As  to  the  watt-meters,  the  economy  realized  would  be  smaller, 
and  it  is  otherwise  advantageous  to  employ  two  separate  watt- 
meters, in  order  to  compare,  at  every  instant,  the  charges  of  the 
two  circuits.  However,  in  most  cases  we  will  find  it  very  con- 
venient to  unite  the  two  bobbins  in  one  single  apparatus  by  plac- 
ing the  two  movable  bobbins  on  one  common  axis,  and  by  putting 
the  two  fixed  bobbins  one  above  the  other  perpendicularly  in 
order  to  avoid  the  mutual  induction.  This  Mr.  Kennelly  has 
done  very  ingeniously  in  his  "  differential "  wattmeter.  This 
latter  instrument  would  be  very  convenient  for  the  purposes  set 
forth  in  this  paper,  in  changing  simply  the  direction  of  one  of 
the  currents,  thus  making  an  "  additional "  wattmeter  from  the 
"  differential" 

Finally,  I  need  but  remark'  that  the  measurement  of  the 
energy  of  polyphasal  currents  differs  in  nothing  from  that  of 
ordinary  alternating  currents. 


The  paper  entitled 

THE  EXTENDED  USE  OF  THE  NAME  RESISTANCE 
IN  ALTERNATE  CURRENT  PROBLEMS. 

BY  PROF.  W.  E.  AYRTON. 

was  read  by  title,  the  author  being  obliged  to  be  present  at  another 
session. 


SECTION  B. 


First  Meeting,  Tuesday,  August  22d,  1893. 

The  meeting  was  called  to  order  at  10.30  a.m.  by  Professor 
Charles  R.  Cross,  of  Boston,  Mass.,  who  stated  that  the  first 
business  in  order  was  the  appointment  of  a  committee  to  nomi- 
nate permanent  officers  of  the  section.  These  officers  to  be:  a 
permanent  chairman  of  the  section,  a  permanent  secretary,  and 
a  third  member,  who  shall,  with  the  others,  constitute  an  execu- 
tive committee  for  the  consideration  of  all  subjects  that  appro- 
priately come  before  such  committee. 

On  motion  of  Lieutenant  Reber,  the  chairman  was  empowered 
to  appoint  such  committee  to  nominate  the  three  officers  men- 
tioned. The  following  committee  was  appointed :  Professor  S. 
P.  Thompson,  of  London,  Dr.  Louis  Duncan,  of  Baltimore,  and 
Mr.  W.  F.  C.  Hasson,  of  San  Francisco. 

This  committee  reported  the  following  nominations  for  per- 
manent officers  who  were  then  unanimously  elected  :  Chairman, 
Professor  Charles  R.  Cross,  of  Boston,  Mass.;  Secretary,  Lieu- 
tenant Samuel  Reber,  U.  S.  A.;  additional  member  of  Executive 
Committee,  Professor  A.  E.  Dolbear,  of  Tufts  College,  Mass. 

The  Chairman  : — We  will  now  proceed  to  the  reading  of  the 
papers.  The  first  paper  on  our  list  is  by  William  II.  Preece, 
F.R.S.  The  paper  is  entitled  "Signalling  through  Space  by 
Means  of  Electro-magnetic  Vibration." 

Mr.  Preece  said:  Mr.  President,  Ladies  and  Gentlemen, 
When  I  was  invited  to  prepare  a  paper  for  this  congress,  I  hap- 
pened most  fortunately,  for  myself,  to  be  engaged  in  an  investi- 
gation that  was  nearly  complete,  and  I  was  only  too  glad  to 
secure  such  a  splendid  opportunity  to  make  public  the  facts  that 
I  had  so  far  found  out,  so  I  cheerfully  and  readily  accepted  the 
task  of  bringing  the  subject  of  transmission  of  signals  through 
space  before  you  here  to-day. 
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BY.     iV»    IT*    PKEECJii}    F.R.S. 
President  of  the  Institution  of  Electrical  Engineers,  England. 


In  the  year  1842,  Henry  showed  how  the  disruptive  discharge 
of  a  Leyden  jar  in  an  upper  chamber  of  his  house  magnetized 
needles  in  a  cellar  30  feet  below. 

The  introduction  of  that  beautifully  sensitive  instrument,  the 
telephone,  in  1877,  made  us  acquainted  with  disturbances  and 
influences  between  neighboring  wires  at  a  distance  which  sur- 
prised every  one.  Morse  signals,  cross-talk,  strange  noises  im- 
paired the  efficiency  of  telephone  working. 

In  1884,  telegrams  sent  to  Bradford  (England),  in  Morse  char- 
acters, from  the  General  Post  Office,  London,  through  a  gutta- 
percha covered  copper  wire  in  an  underground  iron  pipe,  buried 
in  the  street,  were  read  upon  an  open  telephone  circuit  consist- 
ing of  an  iron  wire  carried  on  poles  on  the  housetops  80  feet 
away. 

In  1885,  Mr.  Edison  showed  how  it  was  possible  to  communi- 
cate with  a  moving  train  by  utilizing  the  electrostatic  influence 
between  a  circuit  erected  upon  the  poles  on  the  side  of  a  railway 
and  a  telephone  circuit  carried  by  the  train. 

In  the  same  year,  I  made  many  experiments  to  determine 
whether  the  effects  observed  in  England  were  due  to  electro- 
magnetic induction,  and  were  quite  independent  of  the  earth  ; 
and  also  to  find  out  how  far  the  distance  between  the  wires  could 
be  extended  before  this  influence  ceased  to  be  evident. 

With  our  ordinary  telegraph  working  currents  the  region  of 

disturbance  reached  a  distance  of  3,000  feet ;  while  the  effect* 
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were  detected  on  parallel  lines  of  telegraph,  10J  miles  apart,  be- 
tween Durham  and  Darlington.  Even  between  the  East  and  the 
West  Coasts  at  the  Border,  a  distance  of  40  miles,  currents  pro- 
duced at  Newcastle  on  the  Jedburgh  line  were  distinctly  heard 
at  Gretna  on  a  parallel  line.  These  latter  results,  in  the  North 
of  England,  were  vitiated  by  the  presence  of  a  large  network  of 
railway  and  other  telegraphs  between  the  two  places,  and  as 
they  may  not  have  been  due  solely  to  direct  electro-magnetic 
induction  through  space,  but  to  electro-static  effects  between 
neighboring  wires  as  well,  I  took  a  district  in  the  West  of  Eng- 
land, between  Gloucester  and  Bristol,  along  the  banks  of  the 
River  Severn,  where  for  a  length  of  14  miles,  and  at  an  average 
distance  apart  of  4.5  miles,  no  intermediate  disturbing  conduc- 
tors existed  between  the  pole  lines.  The  valley  of  the  Mersey, 
and  several  other  localities  in  England  where  no  disturbing  ele- 
ments existed,  were  similarly  investigated. 

It  is  necessary  at  the  outset  to  point  out  that  if  we  have  two 
parallel  conductors  separated  from  each  other  by  a  finite  space, 
and  each  forming  part  of  a  separate  and  distinct  circuit,  either 
wholly  metallic  or  partly  completed  by  the  earth,  and  called 
respectively  the  primary  and  the  secondary  circuit,  we  may  ob- 
tain currents  in  the  secondary  circuit  either  by  conduction  or  by 
induction,  and  we  may  classify  them  into  those  due  to— 

1.  Earth  currents. 

2.  Electro-static  induction. 

3.  Electro-magnetic  induction. 

It  is  very  important  to  eliminate  (1),  which  is  a  case  of  con- 
duction, from  (2)  and  (3),  which  are  cases  of  induction. 

1. — Earth  Currents. 

When  a  linear  conductor  dips  at  each  end  into  the  earth,  with 
which  it  makes  a  good  connection,  and  voltage  is  impressed  upon 
it  by  any  means,  the  resulting  return  current  would  probably 
flow  through  the  earth  in  a  straight  line  between  these  two 
points  if  the  conduction  of  the  earth  were  perfect ;  but  as  the 
earth,  per  se,  is  a  very  poor  conductor  indeed  (and  probably  is  a 
conductor  only  because  it  is  moist),  lines  of  current-flow  spread 
about  symmetrically  in  a  way  that  recalls  the  figure  of  a  magnetic 
field.  These  diffused  return  earth  conduction  currents  are 
evident  at  great  distances. 
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These  lines  of  current-flow  are  very  easily  traceable  by  means 
of  exploring  earth  plates  or  rods.  The  primary  current  is  best 
produced  by  alternating  currents  of  such  a  frequency  as  to  excite 
a  distinct  musical  note  on  a  telephone,  and  if  these  currents  rise 
and  fall,  periodically  and  automatically,  they  produce  an  unmis- 
takable wail.  If  they  are  made  and  broken  by  a  Morse  key  they 
can  transmit  readable  signals.  The  secondary  circuit,,  which 
contains  the  receiving  telephone,  is  completed  in  the  case  of  the 
earth  by  driving  two  rods  into  the  ground,  or,  in  the  case  of 
water,  by  plates  dipping  into  the' water  at  a  distance  of  from  5 
to  10  yards  apart. 

In  this  way  the  Town  Moor,  near  Newcastle,  the  sands  and 
the  land  about  Lavernock  and  Penarth  on  the  coast  of  South 
Wales,  the  water  of  the  Bristol  Channel,  the  towns  of  Liverpool 
and  Leeds,  and  London  itself,  have  been  thoroughly  explored ; 
and  it  has  been  proved  that  the  distance  to  which  these  lines  of 
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flow  can  be  detected  depends  upon  the  intensity  of  the  primary 
current  flowing,  on  the  area  of  the  surfaces  in  contact  with  the 
earth,  on  the  resistance  of  the  portion  of  the  earth  utilized,  and 
on  the  dryness  of  the  season.  In  London  the  currents  working 
the  City  and  South  London  Electric  Railway  affect  recording 
galvanometers  at  Greenwich  4£  miles  away,  and  a  diagram  of 
the  train  service  on  the  railway  can  be  recorded  in  any  part  of 
the  metropolitan  area. 

The  distance  in  sea  water  is  not  so  extensive,  for  the  latter  is 
a  better  conductor  than  earth ;  still,  with  primary  currents  of  15 
amperes,  effects  have  been  traced  to  one-third  of  a  mile. 

In  all  cases  where  disturbances  have  been  created  by  electric 
tramways  they  have  been  shown  to  be  greater  in  summer  than  in 
winter. 

It  is  very  necessary  to  be  able  to  distinguish  or  separate  these 
earth  currents  from  currents  due  to  induction,  for  they  are  very 
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apt  to  give  false  effects  and  to  lead  to  erroneous  conclusions.  This 
is  easily  done,  if  the  instrument  be  sensitive  enough,  by  making 
the  primary  current  continuous  when  the  earth  current  also  be- 
comes continuous,  while  induction  currents  are  momentary  and 
are  observed  only  during  the  rapid  rise  or  fall  of  the  inducing 
cause. 

2. — Electrostatic  Induction. 

When  a  body,  a  (Fig.  2),  is  electrified  by  any  means  and 
isolated  in  a  dielectric,  it  establishes  an  electric  field  about  it. 

• ® 

Fig.  2. 

Lines  of  electric  force  are  projected  from  it  in  every  direction  ; 
and  if  in  the  direction  of  any  of  these  lines  of  force  there  is 
placed  another  similar  body,  b,  it  is  also  electrified  by  induction. 
If  b  be  placed  in  connection  with  earth  or  with  a  condenser  or 
with  any  large  body,  then  the  charge  of  the  same  sign  as  a  is 
conveyed  away,  and  b  (Fig.  3)  remains  electrified  in  the  opposite 
sense  to  a,  and  to  the  same  amount,     a  and  b  are  seats  of  elec- 
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Fig.  8. 

trie  force.  They  form  a  stress,  and  are  the  ends  of  a  line  of 
force.  The  dielectric  between  them  is  displaced  or  polarized 
electrically.  It  is  in  a  state  of  strain  and  remains  so  as  long  as  a 
remains  charged,  but  if  a  be  discharged  or  have  its  charge  re- 
versed or  varied,  then  similiar  changes  occur  in  b  and  through 
the  dielectric  separating  them. 

If  a  (Fig.  4)  be  a  flat  disc  electrified  positively  and  be  placed 


Fig.  4. 

inside  a  ring,  b,  then  the  ring  becomes  the  termination  of  lines 
of  electric  force,  and  the  sum  of  their  terminal  negative  charges 
is  equal  to  the  whole  positive  charge  of  a.  a  may,  in  each  of 
the  above  cases,  be  the  section  of  a  continuous  wire  or  conductor 
forming  part  of  a  complete  circuit.     The  charge  on  a  may  be 
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due  to  the  electric  force  of  a  primary  current,  while  in  the 
secondary  conductor,  b,  the  displaced  charge  in  flowing  to  earth 
establishes  a  momentary  current  whose  direction  and  duration 
depends  on  the  current  of  a,  and  on  its  rate  of  variation. 

The  strained  state  of  the  dielectric  and  the  charges  on  a  and  b 
remain  quiescent  so  long  as  the  current  flows  steadily ;  but  if  the 
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Fio.  5.— Dubihg  Charge. 

primary  current  ceases  or  falls,  then  we  have  secondary  currents 
in  each  conductor,  as  shown  by  the  arrows,  and  flowing  until 
equilibrium  is  restored. 

The  secondary  currents,  due  to  discharge,  flow  in  opposite 
directions  at  each  end,  and  there  is  always  6ome  intermediate 
zero  point. 

It  is  thus  easy  in  long  circuits,  by  observing  their  direction,  to 
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Fig.  6. — Steady  Current. 

differentiate  currents  of  induction  due  to  electric  displacement 
from  those  due  to  electro-magnetic  disturbance. 

The  dielectric  plays  just  as  important  a  part  in  the  electrical 
operations  that  occur  as  do  the  conductors.  Its  molecular  dis- 
turbance cannot  be  neglected.  It  is  subject  to  strain  and  varia^ 
tions  of  displacement  in  one  direction,  while  it  is  permeated  by 
a  wave   of  energy  in  another  direction,  viz.,  in   the  direction 
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Pig.  7. — During  Discharge. 

of  the  primary  current.  In  fact,  it  is  a  question  much  discussed 
at  the  present  day  whether  the  prime  action  in  all  current  effects 
is  not  this  wave  or  flux  of  energy  passing  longitudinally  through 
the  dielectric  in  the  direction  of  its  length,  and  that  nothing 
whatever  passes  through  the  conductors,  which  are  mere  passive 
agents  in  the  matter,  wasting  energy  bat  not  transmitting  it. 
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There  are  two  views  of  the  formation  and  support  of  a  cur- 
rent. The  one  following  Faraday  regards  it  as  the  continuous 
discharge  of  the  contiguous  charged  molecules  of  the  conductor, 
the  action  originating  in  and  being  propagated  uniformly  through- 
out the  conductor.  The  dielectric  plays  only  a  secondary  part. 
The  other  derived  from  Maxwell  by  Poynting  regards  a  current 
as  the  consequence  of  a  propagation  of  a  wave  of  electrical 
energy  through  the  dielectric  in  the  direction  of  the  line  and 
which  reaches  the  wire  from  the  exterior.  The  conductor  plays 
a  Secondary  part,  it  simply  dissipates  the  energy  conveyed  by  the 
dielectric.  The  current  is  set  up  on  the  surface  and  it  penetrates 
the  interior  comparatively  slowly,  while  its  distribution  in  any 
given  sectional  area  of  the  conductor  is  not  uniform. 

The  truth  lies  probably  in  a  combination  of  each  view.  The 
dielectric  is  as  much  an  essential  agent  in  the  action  as  the  con- 
ductor, and  in  each  plane,  perpendicular  to  the  current,  the 
charge  and  discharge  of  contiguous  molecules,  the  formation  of 
an  electric  field,  the  formation  of  a  magnetic  field,  the  flow  of 
energy  across  this  plane  and  parallel  to  the  conductor,  its  dis- 
sipation as  heat  in  the  conductor  are  all  simultaneous  and  self- 
dependent,  and  equally  concerned  in  the  final  result. 

In  a  complete  metallic  loop,  like  a  telephone  circuit,  the  en- 
ergy is  propagated  in  the  dielectric  between  the  wires ;  it  is  dis- 
sipated in  the  wires,  there  are  longitudinal  waves  propagated 
through  the  dielectric  parallel  to  the  wires,  and  there  are  other 
circular  electro-magnetic  waves  emanating  from  each  conductor 
as  a  centre  and  flowing  as  a  resultant  in  planes  perpendicular  to 
the  wires.  Thus  there  are  lines  of  electric  force,  lines  of  mag- 
netic force,  and  lines  of  energy  flow.  The  first  determine  dis- 
placement, and  are  controlled  by  electrostatic  capacity;  the 
second  determine  electro-magnetic  disturbance,  and  are  con- 
trolled by  inductance  ;  the  third  determine  transformation  of 
energy,  and  are  controlled  by  resistance.  Time  enters  into  the 
consideration  of  the  longitudinal  flow  of  the  energy  through  the 
system,  of  the  electro-magnetic  disturbance  through  the  dielectric 
at  right  angles  to  this  flow,  of  the  rise  and  fall  of  the  current  at 
each  point  of  the  circuit,  of  the  character  of  the  current,  whether 
continuous  or  alternating,  and,  if  alternating,  of  the  frequency  of 
the  complete  alternations. 

The  effects  of  electrostatic  induction  do  not  play  an  important 
part  in  the  enquiry  immediately  before  us,  but  they  are  of  great 
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consequence  in  considering  questions  of  speed  of  signalling  in 
submarine  cables  and  clearness  of  speech  in  long  distance  tele- 
phony. 

3. — Electro-Magnktic  Induction. 

Magnetic  force  is  that  which  produces  or  tends  to  produce 
polarization  in  magnetizable  matter,  viz.,  iron,  nickel  and  cobalt, 
and  electro-magnetic  disturbance  in  non-magnetizable  matter  and 
the  ether.  It  excites  lines  of  magnetic  force  and  becomes  a 
stress.  An  electric  current  in  a  conductor  is  a  seat  of  magnetic 
force.     It  establishes  in  its  neighborhood  a  magnetic  field. 

The  lines  of  force  (Fig.  8)  in  such  a  field  are  equivalent  to 
circles  in  a  plane  perpendicular  to  the  direction  of  the  current, 
which,  during  the  rise  of  the  current  in  a,  flow  outwards,  and 
during  the  fall  of  the  current,  flow  inwards,  like  the  waves  on  the 
surface  of  smooth   water  when   a  stone  is   dropped  into  it,  but 
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Fig.  8. 

moving  with  the  speed  of  light.  Thus  any  other  linear  conductor, 
b,  placed  in  this  field  parallel  to  a,  is  cut  at  right  angles  to  itself 
by  these  lines  of  force — in  one  direction  as  the  current  rises,  and 
in  the  other  direction  as  the  current  falls.  The  projection  of 
lines  of  magnetic  force  through  a  linear  conductor  in  a  direction 
perpendicular  to  its  length  excites  electric  force  in  that  conductor ; 
and,  if  the  conductor  be  continuous  and  form  part  of  a  circuit,  it 
establishes  voltage,  and,  therefore,  a  current  in  this  secondary 
circuit.  Now,  the  strength  of  this  secondary  current  (cfc),  de- 
pends on   the   strength   of   the   primary  current   (c^;   on  the 

rate  at  which  it  rises  or  falls;  [  —  J,  on  the  resistance  of  the  sec- 
ondary circuit  (r2)  ;  on  the  distance  which  separates  the  two  cir- 
cuits (d)  and  on  the  length  of  the  inductive  system  (£).  The 
direction  of  the  secondary  current  everywhere  is  reverse  to  that 
of  the  primary  during  its  rise  and  in  the  same  direction  during 
its  fall. 
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If  the  two  circuits  are  separate  and  independent,  this  action 
between  them  is  called  mutual-induction ;  but  if  b  be  a  part  of 
the  same  circuit,  a,  it  is  called  self-induction.  The  amount  of  in- 
duction is  dependent  also  on  the  magnetic  conditions  present  in 
the  conductors  and  in  the  space  between  them.  This  is  measur- 
able in  its  own  unit  (  which  it  is  proposed  to  call  "  henry  "),  is 
called  inductance,  and  is  usually  indicated  by  l  or  m,  according 
as  the  question  dealt  with  is  self-  or  mutual-induction. 

Experimental  Investigation. 

Since  1885  I  have  had  a  vast  number  of  experiments  made  to 
thresh  out  the  laws  and  conditions  that  determine  the  distance  at 
which  these  magnetic  disturbances  can  be  usefully  evident.  The 
instrument  used  to  receive  these  signals  has  been  generally  the 
telephone,  but  many  absolute  measurements  have  been  made  with 
a  very  sensitive  reflecting  galvanometer.  The  judgment  required 
to  determine  the  relative  intensity  of  sound  in  a  telephone  is  a 
very  variable  and  uncertain  agent,  even  though  many  observers 
be  utilized  and  the  same  experimenters  perform  with  the  same 
apparatus.  But  this  does  not  apply  to  the  observation  of  the 
limiting  audible  intensity  of  signals.  The  point  where  sound 
ceases  is  obtained  with  concordant  and  satisfactory  results  when 
the  mean  judgment  of  several  observers  using  the  same  telephone 
is  made  use  of.  I  never  use  less  than  three  observers,  and  some- 
times have  employed  as  many  as  seven.  By  this  means,  we  ob- 
serve by  what  I  call  the  average  normal  ear. 

1. — To  prove  that  the  effects  were  dm  to  Electro-magnetic 
Inductimi. 

Conductors  of  copper  wire  insulated  with  gutta-percha  were 
formed  into  quarter  mile  squares  (Fig.  9)  and  laid  on  a  level  plain 
at  a  distance  of  a  quarter  of  a  mile  apart. 

Arrangements  were  made  for  sending  vibratory  or  alternating 
currents  which  could  be  broken  into  Morse  signals  by  means  of  a 
telegraph  key.  Telephones  were  used  as  receivers,  which  trans- 
formed these  signals  into  buzzing  dots  and  dashes. 

On  closing  the  circuit  in  one  square  and  sending  signals,  con- 
versation could  be  readily  held  between  the  two  operators  by 
means  of  the  Morse  code.  Now,  obviously,  earth  conduction 
could  play  no  part  in  this  transmission  of  signals,  for  the  squares 
were  insulated  throughout  from  the  earth. 
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Next,  in  order  to  ascertain  to  what  extent,  if  any,  electrostatic 
effects  were  observable,  one  pole  of  the  battery  used  was  put  to 
earth,  and  the  further  end  of  each  square  was  disconnected 
(Fig.  10.) 

Now,  by  this  arrangement,  the  mean  electric  force  of  one 
square  was  doubled,  as  compared  with  the  former  experiment, 
where  the  circuit  was  completed,  but  no  effect  was  observed  in 
the  second  square,  either  in  the  receiving  telephone  or  with  the 
reflecting  galvanometer.     The  squares  were  even  superposed  at 
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Fig.  9. 


a  distance  of  only  15  feet  apart,  the  upper  one  being  suspended 
on  poles,  and  the  lower  one  lying  on  the  ground,  but  without  any 
results.  Hence,  the  effects  observed  in  this  experiment  were 
cleary  due  to  electro-magnetic  induction. 

II. — To  prove  that  the  effect*  increased  directly  with  the  strength 
of  the  primary  current  used  and  diminished  with  the  resistance 
of  the  secondary  current. 

a.  Two  quarter  mile  squares  of  insulated  wire  were  opposed  to 
one  another,  and  the  distances  between   the  front  faces  varied 
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Fig.  10. 


from  8  yards  to  192.  Currents  of  1  and  2  amperes  respectively 
were  sent  into  one  square,  and  the  induced  effect  in  the  second 
square  with  2  amperes  was  invariably  twice  that  with  1  ampere. 
The  measurements  were  made  with  a  reflecting  galvanometer. 

J.  Open  wires  were  placed  parallel  to  one  another,  and  a  mile 
ap^rt  horizontally  (Fig.  11).  The  primary  circuit  was  two  miles 
long.  The  other,  the  secondary  circuit,  was  divided  into  two 
equal  one-mile  lengths.  With  a  primary  current  of  .22  ampere, 
the  vibrations  were  just  audible  in  a  telephone  fixed  to  either  of 
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the  single  mile  lengths  of  the  secondary,  the  total  resistance  in 
the  latter  circuit  being  85  ohms.  With  a  similar  current  ( .22 
ampere)  in  the  primary,  and  the  secondaries  joined  into  a  two- 
mile  length,  the  same  limit  of  audibility  was  reached  when  the 
resistance  in  the  secondary  was  doubled,  that  is,  it  was  raised  to 
170  ohms.  Next,  the  current  in  the  primary  was  doubled  or  in- 
creased to  .44  ampere ;  and  with  a  one-mile  secondary  the  total 
resistance  had  to  be  doubled  in  order  to  reach  the  same  limit. 
Finally,  when  the  current  in  the  primary  was  raised  to  .88  am- 
pere— four  times  the  original  figure — then  the  6ame  limit  was 
reached  when  the  resistance  was  quadrupled. 

III. — To  find  how  the  effects  varied  with  the  length  of  the  in- 
ductive system  and  with  the  distance  separating  them.. 

The  law  for  variation  of  length  and  distance  is  very  com- 
plicated and  depends  wholly  on  the  form  of  the  circuit  and  its 
various  reactions.  It  may  be  briefly  summarized  as  follows,  but 
the  experiments  upon  which  these  conclusions  are  drawn  will  be 
given  as  an  appendix,  together  with  the  equations  developed  from 
them. 
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Let  I  =  length  and  d  =  distance  apart  of  two  conductors  as- 
sumed equal  and  similar,  then 

a.  With  two  infinitely  long  straight  wires,  it  varies  inversely  as 
d  alone. 

b.  With  one  infinitely  long  straight  wire  and  a  wire  of  finite 

length,  it  varies  as  — . 

c.  With  one  infinitely  long  straight  wire  opposed  to  a  rectangle, 
the  law  becomes. 


I 


\d       d) 


'  where   d   is   the   distance  from  the  face  to  the  back  of  the  rec- 

tangle. 

d.  Where   the   rectangle   is  replaced  by  a  square,  the  above 
formula  becomes 

P 
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e.  With  a  rectilinear  wire  of  finite  length  I  opposed  to  a  square,, 
the  length  of  the  former  being  equal  to  the  face  of  the  latter,  it 
varies  as 

I 
d 

f.  With  two  squares  of  equal  dimensions  opposed  to  one  an- 
other (Pig.  13),  the  effect  varies,  where  I  is  great  compared  with 

<£,  as 

l_ 
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but  when  d  exceeds  half  /,  it  varies  as 

I 
d 


PtNARTH/ 


AVERNOCK  FT. 


fLATHOLM 


0 


8tcepholm 
Fig.  12. 


Note. — With  cases  <?,  rf,  e  and/',  if  d  became  very  great,  the 
effect  would  diminish  and  ultimately  disappear,  owing  to  the  op- 
posing current  in  the  back  of  the  square  having  practically  the 
same  influence  as  that  in  the  front.  When  d  is  very  great,  the 
effects  due  to  a  and  ax  may  be  neglected. 

ff.  With  two  rectilinear  wires  of  equal  length  if  the  effect  of 
the  magnetic  waves  due  to  the  return  current  through  the  earth 
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be  neglected,  then  when  I  is  great  compared  with  rf,  it  varies  as 

d 
but  when  d  is  great  compared  with  I,  it  varies  as 

<F 
The  complete  formula  for  the  aerial  portion  of  the  circuit  is 
as  follows : — 

Let  Ci  =  current  through  primary, 

q2  =  quantity  induced  in  secondary, 
r%  =  resistance  of  secondary, 
I  =  length  of  either  wire, 
d  =  distance  between  wires, 
then  m  being  a  constant  in  c.  o.  s.  units, 

o      cx  +'P  +  d?  —  d  Ky 
r2  d 


4. 

Pig.  18. 

The  complete  formula  must  of  course  allow  for  the  reverse 
effect  of  the  return  circuit  through  the  earth.  I  hope  later  to 
obtain  sufficient  data  on  which  to  base  such  a  formula. 

The  value  of  m,  obtained  from  a  series  of  experiments  on  two 
parallel  squares  of  wire,  1,200  yards  in  length,  and  five  yards  apart, 
was  found  to  be  .003. 

h.  The  difference  in  water  as  compared  with  air  is  not  very 
marked.  In  certain  experiments  on  the  Conway  Estuary,  which 
were  considered  reliable  and  which  appear  in  Table  I.,  it  was 
about  6  per  cent,  more  in  the  air  than  in  water.  The  result  was 
probably  due  to  the  magnetic  waves  being  degraded  into  elec 
trical  currents  in  traversing  the  conducting  sea  water. 

4. — Pbactioal  Experiments. 

The  Bristol  Channel  proved  a  very  convenient  locality  to  test 
the  practicability  of  communicating  across  a  distance  of  three  and 
five  miles  without  any  intermediate  conductors.  Two  islands,  the 
Flat  Holm  and  the  Steep  Holm,  lie  off  Penarth  and  Lavernock 
Point,  near  Cardiff,  the  former  having  a  lighthouse  upon  it.   On 
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the  shore  two  copper  wires,  weighing  400  lbs.  per  mile,  combined 
in  one  circuit,  were  suspended  on  poles  for  a  distance  of  1,267 
yards,  the  circuit  being  completed  by  the  earth.  On  the  sands 
at  low  water  mark,  600  yards  from  this  primary  circuit  and 
parallel  to  it,  two  ordinary  gutta-percha  covered  copper  wires 
and  one  bare  copper  wire  were  laid  down,  their  ends  being  buried 
in  the  ground  by  means  of  bars  driven  in  the  sand. 

One  of  the  gutta-percha  wires  was  lashed  to  an  iron  wire  to 
represent  a  cable.  These  wires  were  periodically  covered  by 
the  tide  which  rises  here  at  spring  to  33  feet.  On  the  Flat 
Holm,  3.1  miles  away,  another  gutta-percha  covered  copper  wire 
was  laid  for  a  length  of  600  yards. 

There  was  also  a  small  steam  launch  having  on  board  several 
lengths  of  guttarpercha  covered  wire.  One  end  of  such  a  wire, 
half  a  mile  long,  was  attached  to  a  small  buoy,  which  acted  as  a 
kind  of  float  to  the  end,  keeping  the  wire  suspended  near  the 
surface  of  the  water  as  it  was  paid  out  while  the  launch  slowly 
steamed  ahead  against  the  tide.  Such  a  wire  was  paid  out  and 
picked  up  in  several  positions  between  the  primary  circuit  and 
the  islands. 

The  apparatus  used  on  shore  was  a  two  h.  p.  portable  Marshall's 
steam  engine,  working  a  Pike  and  Harris's  alternator,  sending 
192  complete  alternations  per  second  with  a  voltage  of  150  and 
of  any  desirable  strength  up  to  a  maximum  of  15  amperes. 
These  alternating  currents  were  broken  up  into  Morse  signals 
by  a  suitable  key.  The  signals  received  on  the  secondary  circuits 
were  read  on  a  pair  of  telephones — the  same  instruments  being 
used  for  all  the  experiments. 

The  object  of  the  experiments  was  not  only  to  test  the  prac- 
ticability of  signalling  between  the  shore  and  the  lighthouse,  but 
to  differentiate  the  effects  due  to  earth  conduction  from  those 
due  to  electro-magnetic  induction,  and  to  determine  the  effects 
in  water. 

I  have  already  alluded  to  the  way  in  which  the  lines  of  current 
flow  were  mapped  out.  It  was  possible  to  trace  without  any 
difficulty  the  region  where  they  ceased  to  be  perceptible  as  earth 
currents  and  where  they  commenced  to  be  solely  due  to  electro- 
magnetic waves.  This  was  found  by  allowing  the  paid-out 
cables,  suspended  near  the  surface  of  the  water,  to  sink.  Near 
the  shore  no  difference  was  perceptible,  whether  the  cable  was 
near  the  surface  or  lying  on  the  bottom,  but  a  point  was  reached, 
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just  over  a  mile  away,  where  all  sounds  ceased  as  the  cable  sank, 
but  were  recovered  again  when  the  cable  came  to  the  surface. 

The  total  absence  of  sound  in  the  submerged  cable  rather 
surprised  me,  and  it  leads  to  the  conclusion,  either  that  the 
electro-magnetic  waves  of  energy  are  dissipated  in  the  sea  water, 
which  is  a  conductor,  or  else  that  they  are  reflected  away  from 
the  surface  of  the  water  like  rays  of  light. 

Experiments  on  the  Conway  Estuary  showing  the  relative 
transparency  of  air  and  water  to  these  electro-magnetic  waves, 
tend  to  support  the  latter  deduction,  for  if  much  waste  of  energy 
took  place  in  the  water,  the  difference  would  be  more  marked; 
it  was  only  six  per  cent.  As  it  is,  we  have  ample  evidence  that 
the  electro-magnetic  waves  are  transmitted  to  considerable 
distances  through  water,  though  how  far  remains  to  be  found. 

There  was  no  difficulty  in  communicating  between  the  shore 
and  Flat  Holm.  Messages  were  read.  Mr.  Gavey,  who  was 
making  the  experiment  on  the  island,  wrote  me,  "  There  was 
then  somewhat  a  lengthened  pause,  due  to  a  slight  derangement 
of  the  machinery  on  the  mainland,  but  at  2  p.  m.  I  heard  clearly 
and  distinctly  the  following,  'Here  Haskayne'  (one  of  his 
assistants)  '  with  a  message  from  Mr.  Preece  for  Mr.  Gavey.' " 
I  was  in  London  that  day.  "  Then  followed  the  announcement 
of  the  sad  and  sudden  death  of  Mr.  Graves,  which  cast  a  gloom 
over  the  success  of  the  experiment.  It  seemed  an  extraordinary 
fact,  that  the  first  readable  message  transmitted  for  such  a 
distance  by  such  means  should  announce  the  death  of  the  head 
of  the  Technical  Department." 

The  distance  between  the  two  places  was  3.1  miles.  The  at- 
tempt  to  speak  between  Lavernock  and  Steep  Holm  was  not  so 
successful.  The  distance  was  5.35  miles,  but  though  signals  were 
perceptible,  conversation  was  impossible.  There  was  distinct 
evidence  of  sound,  but  it  was  impossible  to  differentiate  the 
sounds  into  Morse  signals.  We  were  just  on  the  limit  of  audibil- 
ity, and  we  were  using  our  maximum  available  power.  If  either 
line  had  been  longer,  or  the  primary  currents  stronger,  we  should 
have  spoken  as  was  done  at  Flat  Holm. 

The  fact  indicated  by  the  formula  for  parallel  wires  that  the 
limiting  distance  increases  directly  with  the  square  of  the  length 
of  the  circuits,  has  a  very  important  bearing  on  the  practical 
results  of  these  experiments,  for  it  shows  that  if  we  can  make 
the  length  of  the  two  lines  long  enough,  it  would  be  easy  to- 
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communicate  across  a  river  or  a  channel.  Of  course,  as  previously 
pointed  out,  the  formula  does  not  take  into  account  the  effects 
of  the  reverse  magnetic  waves  generated  by  the  return  current 
through  the  earth,  and  at  present  no  data  exist  on  which  a  satis- 
factory calculation  can  be  based  ;  but  for  example,  there  is  little 
doubt  that  two  wires,  10  miles  long,  could  signal  through  a 
distance  of  10  miles  with  ease. 

Although  communication  across  space  has  thus  been  proved  to 
be  practical  in  certain  conditions,  those  conditions  do  not  exist 
in  the  cases  of  isolated  lighthouses  and  lightships,  cases  which  it 
was  specially  desired  to  provide  for.  The  length  of  the  secondary 
must  be  considerable,  and  for  good  effects  at  least  equal  to  the 
distance  separating  the  two  conductors.  Moreover,  the  apparatus 
to  be  used  on  each  circuit  is  cumbrous  and  costly,  and  it  may  be 
more  economical  to  lay  an  ordinary  submarine  cable. 

Still,  communication  is  possible  even  between  England  and 
France,  across  the  Channel,  and  it  may  happen  that  between 
islands  where  the  channels  are  rough  and  rugged,  the  bottom 
rocky,  and  the  tides  fierce,  the  system  may  be  financially  practical. 
It  is,  however,  in  time  of  war  that  it  may  become  useful.  It  is 
possible  to  communicate  with  a  beleagured  city  either  from  the 
sea  or  on  the  land,  or  between  armies  separated  by  rivers,  or  even 
by  enemies. 

A  use  to  which  these  electro-magnetic  disturbances  can  be  ap- 
plied is  to  indicate  to  ships  their  contiguity  to  lighthouses  and 
land  falls.  Experiments  are  being  made  in  this  direction  by  Mr. 
Stevenson  of  the  Northern  Lights  Commission  on  the  coast  of 
Scotland,  but  no  results  have  yet  been  published.  He  proposes 
to  submerge  a. cable  on  a  given  fathom  line  through  which  special 
automatic  distinguishing  signals  are  being  sent,  so  that  a  ship 
approaching  or  crossing  this  line  can  pick  up  these  signals  on 
board  and  learn  her  true  position, 

I  have  also  pointed  out  that  as  these  waves  are  transmitted  by 
the  ether  they  are  independent  of  day  or  night,  of  fog  or  snow 
or  rain,  and,  therefore,  if  by  any  means  a  lighthouse  can  flash  its 
indicating  signals  by  electro-magnetic  disturbances  through  space, 
ships  could  find  out  their  positions  in  spite  of  darkness  and  of 
weather.  Fog  would  lose  one  of  its  terrors,  and  electricity 
would  become  a  great  life-saving  agency. 
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APPENDIX. 

I. — Experiments  to  Determine  the  Electro-Magnetic  Induc- 
tion, both  in  Water  and  Air,  between  a  Rectangle  and 
a  Finite  Line  of  Length  equal  to  the  Face  of  the 
Rectangle. — June,  July,  1893. 
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Currents  were  sent  through  the  rectilinear  circuit,  a,  by  mean* 
of  a  suitable  key,  and  the  induced  effect  on  the  rectangle  was 
observed  on  a  carefully  adjusted  reflecting  galvanometer. 
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II. — Experiments  to  Determine  the  Electro-Magnetic  Induc- 
tion BETWEEN  TWO  ReCT ANGLES  OF  EQUAL  DIMENSIONS. 
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III. — Experiment  with  a  Rectilinear  Wire  Four  Times  the. 
Length  of  the  Face  of  the  Rectangle, 
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Discussion. 

The  Chairman  : — The  paper  of  Mr.  Preece  is  now  open  for 
discussion.  The  paper  is  very  suggestive  in  many  points — the- 
oretical as  well  as  practical.  I  hope  some  of  the  gentlemen  who 
are  conversant  with  the  subject  in  either  or  both  of  these  ways, 
will  favor  us  with  some  remarks. 

Mr.  Thomas  D.  Lockwood,  of  Boston,  Mass.: — I  would  like 
to  ask  Mr.  Preece  first,  whether  the  parallel  lines  on  the  main 
land  and  on  the  island  were  provided  with  earth  or  water  plates. 
That  is  to  say,  was  the  line  on  the  Lavernock  land  a  closed  cir- 
cuit, was  it  closed  through  an  earth  plate  or  was  it  closed 
through  plates  through  water,  or  was  it  a  metallic  circuit  ? 

Mr.  Preece: — The  earth. 

Mr.  Lockwood: — There  are,  I  believe,  three  aspects  of  con- 
ditions in  which  the  subject  so  ably  brought  before  the  Congress 
by  Mr.  Preece  may  be  considered.  But,  before  speaking  of 
any  of  these  aspects  and  conditions,  I  wish  to  express  in  the 
most  hearty  and  cordial  terms,  the  pleasure,  and  at  the  same 
time  the  instruction,  that  I  for  one,  have  experienced,  in  hearing 
Mr.  Preece's  paper  and  my  thanks  for  the  happy  expressions 
and  illustrations,  for  the  able  way  in  which  he  has  given  us  a 
transcript  of  the  paper ;  and  for  the  way  in  which,  without  any 
formality,  he  has  made  us  acquainted  with  the  experiment,  their 
results  and  the  conclusions  he  has  drawn  from  them. 

It  is  not  the  iirst  time,  by  any  means,  that  the  subject  has  en- 
grossed the  attention  of  electricians.  There  have  been  three 
separate  ways,  according  to  my  understanding,  in  which  the 
matter  has  been  experimented  with.  We  have  heard,  for 
example,  of  electrical  communications  taking  place  through  the 
upper  air  by  conduction,  or  at  least,  the  action  is  supposed  to  be 
by  conduction. 

We  have  also  been  somewhat  acquainted  with  electrical  com- 
munications which  have  taken  place  through  the  medium  of  sea 
water.  Heretofore,  that  has  been  supposed  to  be  conduction  also. 
And  third,  there  have  been  electrical  communications,  as  many 
of  us  know,  as  Mr.  Preece  himself  intimates,  between  fixed 
points  and  moving  vehicles.  That  has  occurred,  I  believe, 
through  the  intermediation  of  both  electrostatic  and  magnetic 
induction.  It  is  right,  therefore,  for  us  to  know,  as  indeed  the 
speaker  wishes  us  to  know,  that  experiments  have  been  made 
in  these  subjects ;  and  at  first  sight,  or  at  first  thought,  a  title 
such  as  this  to  which  we  have  been  treated  sounds  to  those  who 
have  not  had  any  experience  in  such  matters  as  being  rather  of  a 
mythical  order.  Those  of  us  who  were  brought  up  in  the  hard 
school  of  the  telegraphic  service  were  accustomed  to  believe 
that  by  wires  only  was  it  possible  to  send  intelligence  electrically. 
I  for  one,  would  say  it  was  a  very  hard  wrench  to  me  indeed,  to 
get  any  knowledge  about  that  phenomenon  of  electrical  genera- 
tion and  transmission  which  has  always  retained  the  name  given 
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to  it  by  the  master  himself :  Induction.  The  line  of  considera- 
tion which  Mr.  Preeee  has  chosen,  is  indeed,  a  trend  in  the 
direction  of  certain  inventions  which  have  been  brought  to  our 
notice  from  time  to  time.  But  it  is  one  step  ahead.  It  is  rather 
a  singular  circumstance  that  in  the  early  days  of  telegraphy, 
(and  it  is  recorded  in  one  of  the  first  books  ever  published  on 
electro-magnetic  telegraphy  by  Mr.  Alfred  Vail,)  a  number  of 
experiments  were  made  by  Morse  and  his  assistants,  Mr.  Vail 
and  Mr.  Rogers,  in  the  Susquehanna  river,  which  experi- 
ments were  very  much  like  those  which  have  been  detailed  to 
us  this  morning.  A  long  line  was  placed  along  the  river  side 
and  terminal  plates  were  placed  in  the  river,  and  another  line 
was  placed  along  the  bank  on  the  other  side.  The  only  instru- 
ments used  were  Morse's  relay,  key  and  battery,  the  battery  be- 
ing on  both  sides.  There  was  one  rule  which  Mr.  Morse  said 
he  had  found  out  by  his  experience  there,  and  that  was  :  suppose 
this  long  straight  line  to  be  the  banks  of  the  river,  (indicating 
on  black  board)  and  supposing  the  two  short  lines  to  be  the  tele- 

Srraph  lines,  and  the  cross  line  to  be  between  the  plates,  the 
ength  of  the  land  lines  should  be  very  considerable  longer  than 
the  lines  across  the  river,  through  the  water.  Mr.  Morse  in  his 
reports  to  Congress  says  that  the  signals  were  very  clear;  but 
for  reasons  that  could  not  be  disputed,  namely,  those  stated  by 
Mr.  Preeee,  commercial  reasons,  the  thing  was  not  proceeded 
with. 

A  little  later,  about  1853,  a  countryman  of  Mr.  Preeee  and  a 
countryman  of  my  own,  a  Mr.  Dering,  who  was  in  the  service  of 
the  Bank  of  England,  took  out  an  English  patent,  not  for  the 
thing  I  have  shown  there,  but  for  the  two  lines  on  the  two 
banks  of  the  river,  and  naked  wires  laid  in  the  river  between 
the  two  plates.  He  also  reports  good  service,  but  he  didn't  have 
the  five  independent  observers  with  him,  and  we  must,  therefore, 
take  his  result,  I  apprehend,  with  a  grain  of  salt. 

A  Mr.  Lindsay,  a  celebrity  of  Dundee,  a  man  who  bobs  up 
periodically  and  regularly,  who  is  always  put  out  by  the  Dundee 
Advertiser,  as  one  who  has  done  these  things  forty  or  fifty  years 
ago,  was  the  next  man  to  experiment  in  this  line.  He  also  took 
out  a  patent,  but  all  he  did  was  to  repeat  Mr.  Morse's  experi- 
ments, and  dispense  with  Mr.  Dering's  naked  wire.  From  that 
time  to  the  present  there  has  not  been  a  want  of  experimenters 
who  have  dabbled  in  that  kind  of  work,  and  who  have  been 
ridiculed  and  have  got  in  to  print,  as  men  who  might  have  done 
something,  or  always  did  something,  but  who  didn't  quite  reach 
success.  It  was  correctly  stated  by  Mr.  Preeee  that  the  intro- 
duction of  that  wonderful  instrument,  the  telephone,  has  made 
things  possible,  which,  with  an  instrument  of  coarser  grain, 
would  be  impossible  ;  or,  at  all  events,  utterly  impracticable. 

Mr.  Preeee  pointed  out  that  at  the  present  time  in  England, 
•a    great  whirlpool  of  agitation  is  taking  place   by  reason   of 
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discharging  the  trolley  currents  into  the  earth.  He  remarks  that 
they  are  as  much  troubled  as  we  are.  For  myself,  living  in  this 
country,  I  prefer  to  say,  as  we  were.  We  are  not  very  much 
troubled  with  that  kind  of  thing  now.  Our  experience  leads  us 
to  believe  that  not  only  conduction,  but  electromagnetic  induc- 
tion bears  its  part  in  this  disturbance.  A  very  great  deal  of  that 
depends  on  the  way  the  electric  railway  is  built,  overhead  and 
underground.  And  a  very  great  deal  more  depends  in  the  way 
in  which  the  telephone  line  is  built  overhead  and  underground. 

If  it  were  possible  to  have  two  neutrally  inductive  electrical 
circuits,  one  belonging  to  the  railway  and  one  to  the  telephone, 
there  would,  I  think,  be  very  little  trouble. 

We  find  one  thing  in  our  streets  which,  as  a  rule,  the  English 
cities  and  towns  do  not  have,  namely,  trees.  The  telephone  lines 
are  largely  in  parallelism  with  the  trolley  lines  overhead,  and 
though  the  main  part  of  the  disturbing  current  reaches  the  tele- 
phone circuits  through  the  earth,  a  large  portion  also  reaches 
them  by  way  of  the  leaves  of  trees  which  touch  the  two  cir- 
cuits in  common. 

The  subject  now  before  the  section  is  not  altogether  new  even 
with  the  employment  of  the  telephone.  To  some  of  us  it  is  not 
new,  and  it  is  not  new  to  Mr.  Preece.  When  he  was  over  here 
in  1884,  I  remember  hearing,  with  great  pleasure,  a  discussion 
of  a  paper  given  before  the  American  Institute  of  Electrical 
Engineers  at  Philadelphia,  comprising  a  communication  by  Mr. 
Bear,  who  thought  that  he  had  been  able  to  send  through  an  un- 
insulated wire  through  the  earth. 

Mr.  Preece  was  so  good  as  to  give  us  an  account  of  his  earlier 
experiments  between  the  Isles  of  Wight  and  Man. 

The  present  paper,  indeed,  is  a  splendid  supplement  to  that ;  he 
has  told  us  that  it  is  impossible  to  use  an  ordinary  Morse  instrument 
to  telegraph  through  water.  He  has  found  it  was  impossible  to 
use  a  telephone,  articulate  or  conversational ;  he  has  also  found 
out  that  for  success  we  should  use  a  telephone  as  a  telegraphic 
receiving  instrument,  using  strong  currents  for  transmitting,  and 
using  a  vibratory  reed,  and  a  key  which  splits  the  musical  note, 
into  the  signals  of  the  telegraphic  code.  I  have  no  doubt  that 
his  success,  now  reported,  will  lead  him  to  still  greater  achieve- 
ments later,  concerning  which  he  will  inform  us. 

Xow,  I  doubt  for  myself,  whether  the  experiments  which  are 
made,  are  fully  as  conclusive  as  he  appears  to  think  they  are,  and 
that  the  means  of  communication  between  the  land  and  the  isl- 
and is  absolutely  due  to  electromagnetic  induction.  But,  grant- 
ing that  in  part  it  is  due  to  these,!  should  still  think  that  the 
conductive  power  of  sea  water  has  its  share  in  the  transmission. 
However,  I  will  say,  I  have  not  had  the  time  to  completely  con- 
sider the  subject,  and,  perhaps,  upon  reflection  I  shall  have  to 
take  it  back. 

As    to    ships,    it  is    not    worth    while  for    the    owners    to 
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have  their  ships  supplied  with  special  appliances  for  this  work ; 
but  between  snips  and  light-houses  and  tne  main  land,  and  be- 
tween the  main  land  and  some  special  island ;  in  cases  where  the 
lines  are  broken,  and  where  there  is  no  immediate  means  of  re- 
pairing them,  I  think  we  shall  very  likely  find  great  use  for  such 
methods  of  transmission. 

I  don't  think  it  is  ever  going  to  be  of  large  commercial  utili- 
zation for  commercial  transmission,  even  with  the  aid  that  the 
telephone  gives  it ;  first,  because  it  is  cheaper  in  the  end,  as  a 
rule,  to  lay  a  cable ;  secondly,  because  if  everything  is  fitted 
with  the  appliances  for  work,  I  think  it  will  be  difficult  when  a 
ship  or  light-house  receives  the  message,  to  find  out  whether  it  is 
for  that  special  ship  or  light-house.  There  would  be  the  diffi- 
culty already  mentioned  m  sending  call  signals,  because  there 
will,  I  think,  have  to  be  a  special  education  on  the  part  of  the 
ships  and  light-houses  to  receive  those  messages  before  they  are 
sent ;  but  to  close  my  remarks*  which  I  fear  have  been  somewhat 
desultory,  I  wish  to  remark  this,  that  on  the  Lehigh  Valley,  it  is 
true  as  has  been  told,  that  an  experiment  has  been  made  be-  • 
tween  moving  cars  and  the  stations.  I  don't  think  that  they  are 
carried  on  now,  I  don't  think  that  they  were  found  worth  while. 
Mr.  Wiley  Smith,  of  Kansas  City,  was  the  first  man  who  pro- 
posed that  thing,  and  Mr.  Edison  took  it  up  and  made  it  practic- 
able. But  Mr.  Edison's  powers  did  not  make  it  of  commercial 
value,  for  this  reason,  that  the  average  electrician  has  only  one 
haven  of  rest,  namely,  the  railroad  and  steamers,  and  does  not 
want,  when  he  is  on  these,  as  a  general  thing,  to  telegraph  to 
anybody,  and  does  not  want  to  be  telegraphed  to. 

Prof.  Andrew  Jamieson,  of  Glasgow,  Scotland : — Mr. 
Chairman,  I  simply  wish  to  ask  Mr.  Preece  a  question,  more 
especially  in  regard  to  what  has  been  tried  in  Scotland  in  order 
to  communicate  with  a  ship,  and  possibly  in  a  region  of  danger. 
What  is  the  longest  distance,  Mr.  Preece,  between  the  two  in- 
sulated conductors  in  sea  water  at  which  you  will  be  able  to 
communicate  ? 

Mb.  Preeoe  : — The  distance  of  communication  between  the 
two  places  may  be  equal  to  the  length  of  the  two  wires. 

Prof.  Jamieson  : — Suppose  this  was  a  dangerous  coast,  such 
as  Mr.  Stevenson,  the  engineer  in  the  light-house  in  Scotland  had, 
have  you  tried,  or  do  you  know  of  any  record  of  any  experi- 
ment whereby  human  beings  on  board  the  ship  have  been  able 
to  communicate  directly  with  the  shore  ? 

Mr.  Preece  : — No,  sir. 

Prof.  Jamieson  : — Has  Mr.  Stevenson  done  so  yet  ? 

Mr.  Preece: — No. 

Prof.  Jamieson  : — If  this  is  an  iron  ship,  as  most  ships  are 
now,  then  have  you  any  idea  what  would  be  the  maximum  dis- 
tance? 

Mr.  Prrece  : — None ;  I  might  answer  Prof.  Jamieson  at  once  ' 
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by  saying  that  the  result  of  the  experiment  is  to  show  that  the  effect 
is  only  to  be  detected  when  the  distance  across  is  equal  to  the 
length  of  the  shorter  circuit,  so  the  distance  in  this  case  would 
be  the  length  of  the  ship.  I  should  not  expect  a  ship  to  get 
communication  from  a  greater  distance  than  its  own  length. 

Mb.  A.  W.  Hkaviside  : — Mr.  Chairman,  I  wish  to  supplement 
Mr.  Preece's  paper  with  an  account  of  an  experiment  that  I  made  in 
the  North  of  England,  by  which  communication  in  a  telephonic 
way  was  had  between  the  bottom  of  a  large  colliery  and  tne  sur- 
face of  the  land.  At  the  bottom* of  a  pit,  sixty  fathoms  deep, 
there  were  two  ways,  each  three-quarters  of  a  mile  long.  I 
could  not  get  between  the  points*  by  means  of  a  metallic  con- 
ductor ;  I  used  a  microphone.  I  went  on  the  surface  of  the  colliery 
-and  laid  out  triangular  lines  of  wire  three  quarters  of  a  mile 
on  each  side  being  over  and  parallel  with  the  underground  line. 
To  our  great  joy  telephonic  speech  was  perfectly  clear;  it,  there- 
fore, follows  that  it  is  quite  possible  to  make  an  arrangement  of 
that  kind  underneath  pits,  so  that  in  cases  of  disaster,  if  we  had 
telephones  placed  at  proper  intervals  and  the  wire  was  properly 
strengthened  by  iron  covering,  or  in  some  other  way  to  make  it 
stand  the  fall  of  stones  and  so  forth,  these  communications  could 
be  had  from  the  pit  up  to  the  surface. 

Dr.  Charlbs  E  Emery,  of  New  York :  —Mr.  Chairman,  I 
desire  to  call  attention  to  the  fact  that  there  are  two  different 
principles  involved  in  these  several  discussions  which  will  be 
readily  seen  by  most  of  those  present.  It  is  quite  familiar  in 
telegraphing  across  a  stream,  when  the  conductors  on  the  two 
sides  are  much  longer  than  the  distance  across,  that  it  is  a  mere 
case  of  divided  currents.  A  part  of  the  current  goes  back 
through  the  earth,  and  some  of  it  crosses  and  returns  on  the 
other  conductor ;  thus  we  get  in  a  very  ordinary  way  the  signals 
by  a  direct  transfer  of  currents.  There  is  no  electro-magnetism 
or  induction  about  it.  The  case  that  has  been  brought  up  by 
Mr.  Preece  of  sending  messages  across  a  stream  is  a  .simple 
matter,  in  fact,  it  was  taken  advantage  of  in  1862  during -the 
war,  when  we  cut  the  lines  and  tried  to  cut  off  communication 
down  the  river,  but  the  telegraph  operators  were  smart  enough 
to  have  two  lines  on  two  sides  and  kept  up  the  communication. 

Mr.  Wegan  : — In  the  Chesapeake  Bay  in  Maryland,  the  dredg- 
ing for  oysters  goes  on  up  and  down  the  bay  for  a  distance  of  a 
150  to  200  miles,  and,  of  course,  no  cable  could  lay  in  such  a 
place.  It  was  necessary  to  communicate  between  certain  points. 
Now,  when  the  matter  came  up,  and  in  view  of  these  experiments, 
I  suggested  that  they  erect  lines  of  the  kind  under  discussion. 
Unfortunately  the  company  met  with  financial  disaster,  or  the 
experiment  would  very  likely  have  been  tried. 

Pkof.  Wyman:— In  regard  to  the  action  of  the  current 
on  that  wire  when  it  is  on  the  surface  or  when  it  is  sunk 
below,  I  should  like  to  ask  if  the  sea  water  surrounding  the  wire 
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does  not  act  as  a  sort  of  shield  in  turning  away  the  e)ectrouiagT 
netic  waves? 

Mk.  Preece  : — I  mentioned  that  in  one  experiment  an  insu- 
lated wire  or  a  bare  wire,  whether  it  was  covered  or  not,  no 
perceptible  difference  c6uld  be  seen,  so  it  does  not  act  as  a  shield. 

Mr.  Herman  Lemp,  of  Lynn,  Mass.: — Mr.  Preece,  in  your  ex- 
periments, how  high  above  ground  was  the  wire  strung  on  the 
shore  ? 

Mr.  Pbebce  : — Twenty  feet. 

Mr.  Lemp  : — Would  not  a  more  efficient  arrangement  be  ob- 
tained if  the  wire  was  strung  very  much  higher,  supported  on 
masts,  towers,  or  held  by  captive  balloons? 

It  seems  to  me  that  the  current  returning  through  the  ground 
must,  in  a  certain  measure  counteract  the  waves  emitted  Dy  the 
current  in  the  air  line.  This  feature  would  be  even  more  marked 
with  the  launch,  in  which  case  the  salt  water  must  undoubtedly 
form  a  very  good  return,  in  fact  a  return  very  close  to  the  cable. 
Mr.  Preece  pointed  out  that  the  signals  failed  when  the  cable 
was  allowed  to  sink  in  the  water. 

The  most  efficient  shape  that  can  be  given  to  an  induction  coil 
or  loop,  is  a  perfect  circle,  or  next  to  it  a  square.  Such  coils 
produce  the  strongest  field  for  a  given  length  of  conductor,  or 
emit  the  largest  number  of  electromagnetic  waves.  I  believe, 
therefore,  that  by  arranging  the  wires  receiving  and  transmitting, 
so  as  to  form  a  loop  resembling  a  square  or  triangle,  in  place  of 
an  oblong  rectangle,  as  used  in  the  experiment,  signals  would 
have  been  transmitted  a  greater  distance  and  with  less  original 
energy  on  the  shore.  This  is  in  fact  borne  out  by  the  remarks 
of  Mr.  Heaviside,  illustrating  an  experiment  made  in  a  colliery. 
A  triangle,  as  used  in  that  experiment,  permitted  a  powerful  field 
to  be  established,  and  not  only  were  they  able  to  transmit  musi- 
cal sounds,  but  even  articulate  speech  was  transmitted. 

The  Chairman: — That  perhaps  had  better  wait  and  be 
answered  in  the  general  summary,  which  we  hope  Mr.  Preece 
will  give  when  this  discussion  is  concluded. 

Are  there  any  further  remarks  to  be  made?  If  not,  there  is 
one  point  which  occurred  to  me  while  Mr.  Preece  was  reading 
his  paper,  which  is  of  a  theoretical  rather  than  of  a  practical 
nature  with  regard  to  the  loss  of  energy  by  reflection  of  the  elec- 
tro-magnetic wave.  I  suppose  one  might  find  by  placing  a  wire 
underneath  the  water  in  a  certain  position,  that  the  wave  is  totally 
reflected. 

If  there  are  no  further  remarks  the  discussion  of  this  subject 
will  be  closed.  And  we  shall  be  very  glad  to  hear  from  Mr. 
Preece  in  regard  to  the  matters  to  which  his  attention  has  been 
specially  called. 

Mr.  Preece:— There  really  does  not  remain  much  for  me  to 
answer,  because  I  have,  perhaps  rather  irregularly,  answered 
many  of  the  questions  as  they  were  put  to  me.     But  I  would 
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say,  first,  that  if  I  had  read  the  paper  as  it  is  printed  I  should 
have  infallibly  laid  in  the  dust  that  old  ghost  of  earth  current 
and  its  effects,  which  Mr.  Lockwood  and  some  of  the  speakers 
have  referred  to.  As  I  intended,  the  real  purpose  of  the  paper 
was  to  discuss  the  causes  of  electric  energy,  and  I  had  hoped  the 
discussions  might  have  been  confined  to  that.  Now  I  may  say 
this,  there  is  no  difficulty  in  this  case  knowing  that  the  effect  is 
not  due  to  earth  currents ;  first,  because  as  I  told  you,  by  prob- 
ing we  limit  the  area  of  the  earth  currents. 

I  answered  the  question  about  water  acting  as  a  shield,  but  I 
cannot  answer  the  question  as  to  the  influence  of  the  height  of 
the  conductor.  I  don't  believe  myself  that  it  has  any  influence 
whatever.  If  we  find  that  the  earth  and  water  and  air  are  the 
same  as  regards  the  transmission,  I  don't  think  whether  the  wire 
was  below  the  water  or  up  above  in  a  balloon,  that  there  would 
be  any  difference  in  the  effect  upon  the  island.  As  far  as  the 
suggestion  of  the  Chairman  is  concerned,  I  think  this  question  of 
reflection  deserves  further  study.  It  has  only  recently  been  ex- 
perimented upon.  It  was  in  the  last  series  of  experiments  be- 
fore I  left.  The  last  experiment  was  made  on  the  day  I  left  and 
I  received  the  result  of  it  on  my  arrival,  rcertainly  shall  pur- 
sue the  subject  and  at  the  next  congress  I  may  bring  out  some 
other  results. 

The  Chalrmah  : — Owing  to  the  temporary  absence  of  Dr. 
Iindeck  and  Professor  Ayrton,  the  second  and  third  papers  on 
the  printed  programme  will  be  postponed,  and  the  next  paper 
by  Dr.  Silvanus  P.'  Thompson,  F.K.S.,  on  "  Ocean  Telephony  " 
will  now  be  read. 


OCEAN  TELEPHONY. 


BY    8ILVANU8   P.    THOMPSON,    D.8C.,    F.R.8. 


I. — Introductory. 

It  is  contrary  to  the  scientific  spirit  of  progress  to  admit  that 
any  art  or  application  of  science  can  stand  still,  or  that  anj  of 
its  developments  are  final.  To  bridge  the  ocean  by  an  electric 
telegraph  was  a  mighty  achievement.  To  speak  through  a  wire 
the  audible  syllables  of  language  was  a  marvel.  To  accelerate 
telegraphic  transmission  by  automatic  devices  until  a  speed  of 
even  500  words  per  minute  was  attained  was  a  bewildering  ac- 
complishment. But  with  the  attainment  of  these  three  tremen- 
dous strides,  finality  has  not  been  reached.  The  ocean  cable  of 
to  day  is  practically  unchanged  from  what  it  was  thirty  years 
ago.  It  speaks  only  with  the  still  slow  signals  of  the  mirror  gal- 
vanometer, or  of  the  siphon  recorder.  Six  or  eight  words  per 
minute  slowly  spelled  out  are  the  usual  limits  of  working  of  an 
Atlantic  cable.  The  spoken  telephonic  word,  and  the  rapid 
automatic  telegraphic  message  are  too  nimble  for  it.  For  such 
rapid  signalling  it  is  dumb.  That  a  submarine  cable  clad  in  its 
coating  of  gutta-percha  would  retard  the  rate  of  signalling  was 
predicted  by  Faraday,  and  verified  when  the  first  long  cable  was 
laid.  Many  have  been  the  subsequent  devices  to  increase  the 
speed  of  signalling  by  the  use  of  condensers  and  the  like.  They 
have  all  been  devices  to  be  applied  either  at  the  transmitting,  or 
at  the  sending  end,  or  at  both.  Arrangements  of  condensers  and 
resistances  so  combined  as  to  act  as  an  artificial  cable,  imitating 
the  retardations  of  an  actual  cable,  have  been  found  indispens- 
able adjuncts  for  balancing  the  properties  of  the  cable  in  order 
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to  adapt  it  for  duplex  working.  Varlej  proposed,  many  years 
ago,  another  device,  namely,  to  introduce  at  each  end  an  induc- 
tive shunt ;  that  is  to  say,  to  apply  as  a  shunt  'a  wire  possessing 
both  resistance  and  self-induction.  But  in  spite  of  the  use  of 
condensers,  of  artificial  cables,  and  of  inductive  shunts,  the  re- 
tardation of  the  long  submarine  cable  has  proved  hitherto  insu- 
perable save  for  slow  signals.  In  the  sending  of  each  signal  the 
gutta-percha  coating  becomes  charged,  and  tliis  charge  must  be, 
as  it  were,  swept  out  before  the  next  signal  can  be  sent.  Re- 
tardation triumphs  over  the  telephone  and  the  automatic  rapid 
telegraph. 

And  yet  no  reasonable  electrician  can  doubt  for  a  moment  that 
ocean  telephony  must  come,  or  that  the  resources  of  science  are 
equal  to  the  solution  of  the  problem.  It  is  because  the  author 
thinks  that  he  has  found  the  way  to  the  solution  that  he  ventures 
to  place  on  record  the  ideas  which  have  been  growing  in  his 
mind  for  three  years  past,  together  with  some  of  the  evidence 
by  which  their  soundness  may  be  tested. 

If  the  solution  at  which  he  has  arrived  6eems  strange  to  the 
ordinary  telegraph  electrician  or  cable  engineer,  it  is  because 
that  solution  has  dawned  upon  him,  out  of  a  different  domain  of 
science,  namely,  from  the  study  of  alternate  current  phenomena. 
If  the  solution  he  now  propounds  seems  impracticable  to  cable 
engineers  accustomed  to  the  old  type  of  cable  that  has  persisted 
now  for  30  ynars,  he  would  reply  that  it  is  the  business  of  the 
engineer  to  make  it  practicable.  If  the  business  of  the  world 
demands  a  new  type  of  cable  then  the  engineer  must  be  found 
who  can  manufacture  and  lay  it.  Seeing  that  such  a  cable,  once 
laid,  will  (if  the  author's  views  are  correct)  perform  the  work  at 
a  rate  that  would  at  present  require,  say,  10  ordinary  cables  to 
perform,  there  is  a  very  powerful  inducement  to  the  engineer  to 
find  a  practicable  way  of  realizing  that  which  theory  indicates  as 
the  submarine  cable  of  the  future. 

II. — Devices  to  Neutralize  the  Retarding  Effects  of 

Capacity  in  Submarine  Cables. 

The  retardation  of  signalling,  which  is  found  in  submarine 
cables,  is  due  to  the  capacity  of  the  cable,  and  this  capacity  ie 
distributed  fairly  uniformly  along  the  cable.  Owing  to  this  cir- 
cumstance, all  attempts  made  hitherto  to  annul  or  compensate  its 
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operation  by  means  of  devices  situated  at  the  ends  of  the  cable, 
have  met  with  very  limited  success.  Whereas  the  ordinary 
speed  of  signalling  through  an  Atlantic  cable  is  about  eight 
words  or  so  per  minute,  it  would  be  quite  possible  to  send  400 
words  per  minute  through  a  line  of  the  same  resistance,  but 
destitute  of  capacity. 

The  only  effective  way  to  annul  the  retarding  effects  of  a  dis- 
tributed capacity  is  to  apply  a  distributed  remedy  ;  that  is  to 
say,  abandoning  the  idea  of  compensating  it  by  devices  placed 
at  the  ends  of  the  cable,  means  must  be  sought  for  applying 
compensating  devices  distributively  along  the  length  of  the 
cable,  either  at  intervals  or  continuously. 

It  is  well  known  that  the  effects  of  electro-magnetic  induction 
are,  in  a  sense,  reciprocal  to  those  of  capacity.  The  most 
familiar  modern  example  is  that  of  the  opposite  operation  of 
self-induction  and  of  capacity  on  the  phase  of  an  alternate  cur- 
rent, the  one  tending  to  produce  a  lag,  the  other  a  lead,  in  the 
phase  of  the  current  relatively  to  the  electromotive  force.     It  is 
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obvious  that  if  electrostatic  capacity  can  be  used  to  correct  the 
effects  of  electro-magnetic  induction,  conversely  it  will  be  pos- 
sible to  use  electro-magnetic  induction  to  correct  the  retarding 
effects  of  electrostatic  capacity. 

There  are  two  main  modes  of  action  of  electro-magnetic  in- 
duction, namely,  mutual  induction,  from  wire  to  wire  (with  or 
without  an  iron  core  intervening,  and  sometimes  called  electro- 
dynamic  induction),  and  self-induction  when  the  current  in  a 
wire  reacts  inductively  on  itself.  Both  are  known  to  be  due  to 
the  setting-up,  by  currents,  of  magnetic  fields  in  their  neighbor- 
hood. 

There  are  a  very  large  number  of  ways  in  which,  theoreti- 
cally, the  end  may  be  obtained  of  compensating  the  effect  of  the 
distributed  capacity  by  means  of  distributive  electro-magnetic 
induction.  It  will  suffice  here  to  consider  two  simple  cases,  and 
for  the  sake  of  simplicity  it  will  be  supposed  that  each  is  applied 
to  the  case  of  a  cable  containing  two  insulated  wires  for  the  out- 
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going  and  returning  currents.  Such  a  cable  may  be  represented 
in  Fig.  1,  where  a  a  is  the  out-going  wire  or  "line,"  and  b  b 
the  incoming  wire  or  return.  In  the  subsequent  figures  the 
sheathing  will  not  be  specifically  indicated. 

Cask  I. —  Use  of  Self-induction  Devices  Distributively. 

In  this  case  a  series  of  self-induction  coils  of  sufficiently  high 
resistance  and  sufficiently  great  inductivity  are  placed  across  at 
intervals  from  the  a  conductor  to  the  b  conductor.     In  order  the 
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better  to  follow  the  action  it  will  be  convenient  to  represent  the 
distributed  capacity  as  in  Fig.  2.  Here  the  two  conductors 
At  a2,  b1  B2,  are  drawn  as  though  each  in  itself  was  devoid  of 
capacity,  but  that  a  capacity  was  given  to  them  in  a  distributive 
way  by  arranging  a  number  of  condensers  along  at  intervals, 
each  condenser  having  one  coating  joined  to  the  a  line,  and  the 
other  coating  joined  to  the  b  line. 

Suppose  the  signalling  to  take  place  from  the  left  hand  end, 
and  that  a  wave  of  current  is  being  thrown  into  the  circuit  at  ax 
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Fig.  3. 


by  a  transmitting  apparatus  joined  to  At  b^  Were  there  no 
capacity  or  inductivity  in  the  line  a,  a2,  the  wave'would  travel 
simply  along  without  retardation.  But  the  presence  of  capacity 
changes  all  this.  When  the  potential  at  ax  is  rising  the  potential 
at  some  point  along  the  line  a  would  not  rise  simultaneously, 
because  of  the  capacity  in  the  intervening  part  of  the  conductor. 
The  potential  at  a  cannot  rise  to  its  proper  value  until  the  con- 
denser between  At  and  a  has  received  its  charge.  Similarly,  the 
potential  at  c  does  not  rise  as  soon  as  at  #,  because  of^the  action 
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of  the  capacity  between  c  and  a.  Again,  when  the  potential  at 
jlx  is  falling,  it  will  not  also  fall  at  a  or  at  c  simultaneously,  be- 
cause the  condensers  in  between  tend  to  keep  up  the  potential, 
and  take  time  to  empty  themselves.  Whenever  the  potential  at 
any  part  of  the  line  is  rising,  some  of  the  current  tends  to  flow 
into  the  condenser  at  that  part,  with  the  result  that  the  rise  of 
potential  in  that  part  is  delayed,  while  the  current  beyond  that 
part  is  for  the  moment  smaller  than  the  current  that  is  coming 
up  to  the  part.  Further,  when  the  potential  at  any  part  is  falling 
there  is  a  tendency  for  current  to  flow  out  of  the  condenser  at 
that  part,  and  thereby  keep  up  the  potential  a  little  later;  so 
that  at  that  moment  the  current  flowing  away  from  the  part  in 
question  is  greater  than  that  flowing  towards  the  part.  If  nothing 
is  done  to  compensate  this  action,  the  effect  would  be  that  virtu- 
ally all  the  wave  thrown  into  the  cable  at  ax  would  be  taken  up 
in  playing  into  and  out  of  the  successive  condensers,  and  so 
only  an  insignificant  and  much-retarded  fraction  of  it  would  reach 
the  end  a2. 

Now  suppose  that  self-induction  coils  are  placed  across  the 
cable  at  the  proper  intervals,  as  in  Fig.  3.  The  operation  of 
the  coils  in  compensating  the  retarding  effect  of  capacity  is  as 
follows : — When  the  potential  at  a  rises,  current  begins  to  flow 
through  the  self -inductive  coil  a  J,  and  this  current  tends,  by  the 
well-known  inertia-like  action  of  self-induction,  to  go  on  after  the 
applied  electromotive  force  producing  it  has  begun  to  diminish, 
or  has  even  stopped  or  reversed.  Hence  the  current  in  the  self- 
induction  coil  a  b  will  attain  its  maximum  value  at  a  time  after 
the  potential  at  a  has  begun  to  fall.  It  will  by  that  very  circum- 
stance, as  a  consequence  of  the  electromagnetic  momentum,  tend 
to  make  the  potential  at  a  fall  sooner  than  it  otherwise  would  do. 
Hence  the  respective  actions  of  the  self-induction  coil  and  of  the 
condenser  are  of  opposite  kinds.  One  tends  to  cause  the  changes 
of  potential  in  the  line  to  occur  later  than  they  should  occur : 
the  other  tends  to  cause  the  changes  of  potential  to  occur  sooner 
than  they  otherwise  would  occur.  Hence  their  action  tends  to 
compensate  one  another  if  applied  at  the  same  place.  But  the 
capacity  of  a  line  or  cable  is  not  at  one  place ;  it  is  distributed 
all  along  it.  Therefore  it  is  essential  that  the  compensating 
devices  should  also  be  placed  all  along  it,  at  sufficently  frequent 
intervals.  It  is  well  known  that  Varley  employed  an  inductive 
shunt  at  each  end  of  a  cable ;  but  this  is  not  capable  of  com- 
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pensating  the  capacity,  except  within,  at  most,  a  few  score 
miles  of  the  ends.  The  coil  a  b  (Fig.  3)  may  be  looked  upon 
as  compensating  the  capacity  on  both  sides  of  it  to  a  certain 
distance ;  the  coil  c  d  as  compensating  the  capacity  on  both  sides 
of  it;  and  so  forth.  If  all  these  compensators  are  properly 
ranged  along  the  cable,  then  the  total  retarding  effect  of  the 
distributed  capacity  will  be  practically  annulled.  The  currents 
that  run  in  and  out  of  the  transmitting  end  will  be  greater  in 
quantity  than  those  that  are  delivered  in  and  out  at  the  distant 
end  ;  the  difference  being  of  course  accounted  for  by  the  currents 
that  flow  across  through  the  compensating  coils.  It  will  be  seen 
that  by  the  use  of  these  devices,  a  certain  fraction  of  the  cur- 
rents that  are  sent  in  at  the  transmitting  end  is,  so  to  speak,  used 
up  on  the  way  to  pass  through  the  compensating  coils  and  by 
their  action  prevent  the  retardation  of  the  rest  of  the  currents 
that  are  flowing  down  the  line.  To  put  the  matter  tersely,  the 
compensators  act  as  leaks  across  from  the  a  line  to  the  b  line, 
which  by  their  inductive  action  sweep  out  the  accumulating 
charges  that  would  otherwise  retard  the  signals.  Some  calcula- 
tions on  the  magnitude  of  the  currents  that  must  thus  flow  across 
in  the  compensating  coils  have  been  made  by  the  author,  and 
some  others  for  him  by  Dr.  Sumpner.  From  these  it  appears 
that  taking  as  a  working  basis  the  actual  facts  about  cables  as 
they  are,  and  assuming  a  twin  wire  cable  having  a  capacity  of 
£  microfarad,  and  a  resistance  of  10  ohms,  for  a  mile  length,  also 
assuming  that  compensating  coils  are  placed  across  at  every  10 
miles,  if  such  coils  have  a  coefficient  of  self-induction  of  100 
henry s  and  a  resistance  of  3,000  ohms  each  (its  time-constant 
being  then  about  -j-jfoths  of  a  second),  the  rise  and  fall  of  current 
in  each  section  will,  with  currents  of  the  ordinary  telephonic 
periodicity,  be  practically  instantaneous  in  each  section  daring 
the  very  small  fraction  of  a  second  that  the  impulse  lasts  ;  and 
the  value  of  the  current  from  section  to  section  will  be  practi- 
ally  determined  solely  by  the  shunting  action  of  the  successive 
compensators.  Now,  as  telephonic  currents  may  be  shunted 
down  to  an  extraordinary  degree  of  tenuity,  and  yet  be  percept- 
ible, it  is  evident  that  there  are  great  possibilities  opened  out  by 
this  method  of  using  the  shunted  portions  of  the  current  to 
neutralize  the  retardation. 

The  cable  60  constructed  of  two  wires  with  compensating  de- 
vices shunted  across  at  intervals  of  10,  20,  or  it  may  be  500 
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niiles  apart,  will  be  represented  diagrammatically  by  Fig.  4. 
The  practical  problem  then  remains  how  to  provide  compensa- 
tors having  a  sufficiently  great  time-constant  without  their  con- 
stituting unwieldly  enlargements  of  the  cable.  This  is  a  very 
simple  matter  of  construction.  The  author  has  tried  several 
species  of  devices,  some  of  them  resembling  elongated  "hedge- 
hog" transformers  made  very  long  and  thin,  and  wound  with 
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one  coil  only  of  fine  wire ;  others  consisting  of  "  shell "  trans- 
formers elongated  into  a  very  long,  narrow  loop ;  others  again 
consisting  of  simple  iron  wire,  straight  or  looped,  or  of  wire 
over-wound  with  a  layer  of  iron  wire.  The  self-induction,  for 
example,  of  a  one  millimetre  iron  wire,  over-wound  with  a  layer 
of  iron  wire  three  millimetres  deep,  is  roughly  about  0.1  henry 
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per  kilometre;  and  its  resistance  is  144  ohms.  One  point  in 
favor  of  the  use  of  loaded  straight  wires  as  self-induction  de- 
vices is  the  circumstance  that  the  compensator  need  not  join  two 
adjacent  points  in  the  two  conductors  within  the  cable,  but  may 
lie  across  as  in  Fig.  5.  This  construction,  which  is  specially  suit- 
able for  cables  of  moderate  length,  resolves  itself  into  a  three- 
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wire  cable,  of  which  one  wire  is  loaded  in  some  way  to  give  it 
self-induction  and  resistance,  and  is  connected  at  intervals  alter- 
nately to  the  other  two,  as  in  Fig.  6. 

As  stated  above,  however,  not  only  by  self-induction  but  by 
mutual  induction,  the  retarding  effects  of  capacity  may  be 
neutralized. 
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Case  2. —  Use  of  Mutual  Induction  Devices  Distiri<butwely. 

In  this  case  the  cable  is  considered  in  sections,  each  of  which 
is  in  inductive  relation  with  those  on  each  side  of  it ;  and  again 
there  are  many  possible  varieties  included.  One  example  is  as 
follows:— Let  the  two  conductors  along  the  cable  be  each 
divided  into  a  number  of  equal  lengths,  and  let  the  parts  be 
joined  together  by  mutual-induction  coils,  that  is  to  say,  by  in- 
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duction  coils  with  two  windings  each.  Though  the  exigencies 
of  cable-laying  will  necessitate  some  very  different  shape  of  coil 
or  device  as  an  organ  of  mutual  induction,  we  may  assume  these 
induction  coils  to  be  of  the  familiar  form  of  an  iron  core  sur- 
rounded by  the  two  windings.  The  cable  so  made  up  of  sections 
will  be  indicated  by  Fig.  7. 
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Fig.  8. 


In  this  figure  it  is  indicated  that  the  coils  are  so  connected 
that  in  the  a  line  when  the  current  is  increasing  and  flowing  to- 
ward a,  the  inductive  action  will  be  causing  a  current  in  the  next 
section,  which  will  be  at  the  same  instant  increasing,  but  flowing, 
so  far  as  the  a  line  is  concerned,  in  the  opposite  sense,  so  that 
while  the  potential  of  the  point  a  is  rising,  that  of  the  point  m 
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is  falling.  The  consequence  will  be  that  the  currents  required 
to  sweep  out  any  accumulated  charges  due  to  capacity  will  not 
have  to  travel  (as  in  ordinary  cables)  all  the  way  from  the  ends 
of  the  cable,  but  need  only  travel  short  distances,  never  more 
than  the  length  of  half  a  section.  Hence,  if  a  cable  2,000  miles 
long  is  cut  up  into  25  sections  of  80  miles  each,  there  should  be 
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no  more  retardation  than  on  an  ordinary  cable  4u  miles  in  length. 
It  is  not  needful  that  both  the  lines  should  actually  be  divided  : 
a  virtual  division  into  sections  is  effected  in  Fig.  8,  where  the  b 
line  is  actually  continuous.  In  this  figure  p  p  is  the  primary, 
and  8  #  the  secondary  (or  vice  versa)  of  the  mutual  induction  coil. 
Or  the  arrangement  may  be  alternated,  as  in  Fig.  9. 

Or  again,  if  three  conductors  are  employed— of  which  one  may 
be  the  sheathing — the  sectioning  and  use  of  mutual  induction 
may  be  accomplished,  as  shown  in  Fig.  10. 
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Here,  again,  as  remarked  above,  the  kind  of  induction  coil 
which  naturally  suggests  itself  as  suitable  for  the  purpose  in 
question  is  something  of  elongated  shape,  such  as  a  very  elong- 
ated loop  "  shell"  transformer,  or  the  "  cable  "  transformer  which 
was  suggested  for  electric  lighting  purposes  by  Messrs.  Siemens 
and  Halske  some  years  ago.  Or,  as  the  author  suggested  in  1891, 
by  using  a  mutual  induction  between  the  wires  of  the  cables 
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themselves  by  merely  enwrapping  them,  as  they  lie  side  by  side, 
with  iron.  So  that  the  cable  once  more  becomes  an  arrangement 
of  three  parallel  wires,  of  which  two  are  specially  brought  into 
mutual  inductive  relations  to  one  another,  and  are  joined  up  at 
intervals,  as  indicated  in  Fig.  1 1 . 

Lastly,  it  is,  as  is  well  known,  possible  to  have  mutual  induc- 
tion between  two  wires  that  do  not  form  part  of  closed  circuit?, 
as  in  the  phonopore  of  Mr.  Langdon  Davies. 
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III. — Evidence  as   to  the  Practicability  of    Using   Induc- 
tion Devices  Disteibutively  to  Compensate  Retardation. 

With  the  facts  already  known  that  the  Varley  shunt  does  .in- 
deed operate  at  the  ends  of  a  cable  to  compensate  in  some  meas- 
ure the  effects  of  capacity  near  those  ends,  and  that  on  long 
land  lines  the  speed  of  signalling  can  be  increased  by  inserting  a 
translator  in  the  middle,  or  even  by  a  mere  leak  at  some  inter- 
mediate point,  it  is  remarkable  that  no  one  should  have  suggested 
hitherto  the  very  simple  solutions  now  proposed.  Perhaps  the 
reason  is  to  be  found  in  the  intense  horror  with  which  all  good 
telegraph  engineers  regard  the  idea  of  having  a  fault  on  their 
line.  Deliberately  to  insert,  as  the  author  proposes,  a  series  of 
faults,  as  shunts  across  the  cable  from  the  going  wire  to  the 
return  wire,  will,  to  many  of  them,  appear  sheer  madness.  The 
shunts  are  not  mere  faults,  however.  They  are  bridges  possess- 
ing considerable  resistance,  and,  what  is  more  to  the  point,  con- 
siderable self-induction.  They  are  not  leakages,  through  the 
insulation  to  the  sheath,  of  an  unknown  amount,  and  one  liable 
to  increase  by  corrosion ;  they  are  as  fixed  and  determinate  as 
the  resistance  of  the  cable  itself.  Telegraph  engineers  have 
long  known  in  general  the  virtues  of  an  inductive  shunt.  In 
the  third  volume  of  the  Journal  of  the  Society  of  Telegraph 
Engineers,  1874,  Mr.  G.  K.  Winter  describes  the  use  of  induc- 
tive resistances  in  cable  signalling,  such  shunts  being  used  at  the 
ends  of  the  cables,  as  Varley  had  previously  used  them.  The 
idea  of  using  such  Varley  shunts  distributively  along  the  cable 
appears  to  have  been  vaguely  in  the  mind  of  no  less  eminent  a 
telegraph  engineer  than  the  late  Mr.  Willoughby  Smith,  who,  in 
1879,  read  a  paper  on  the  working  of  long  submarine  cables  to 
the  Society  of  Telegraph  Engineers.  In  this  paper,  after  re- 
counting some  experiments  made  with  Varley  shunts — or  what 
he  seemed  to  think  such— he  adds:  u  I  was  under  the  impression 
that  by  a  judicious  distribution  of  electromagnets  on  subterranean 
lines  greater  speed  might  be  obtained  "  Bat  he  seems  to  have 
been  deterred  from  following  out  the  idea  by  finding  that  the 
solid  core  electromagnets  which  he  was  using  failed  to  operate 
favorably ;  and  he  even  declared  that  such  minute  currents  as 
were  used  in  cable  signalling  were  "  totally  inadequate  to  pro- 
duce perceptible  electro-magnetic  induction  effects."  We  now 
know  from  telephonic  experience  that  this  is  not  so;  even  the 
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minutest  telephonic  currents  being  perceived,  simply  because 
they  can  produce  sensible  electro-magnetic  effects. 

Other  electricians  have  proposed  to  use  shunts  containing  elec. 
tromagnets  from  line  to  earth  for  various  purposes.  Amongst 
them  Mr.  Lockwood  and  Mr.  Edison.  The  latter  in  his  patent, 
No.  135,531,  applies  such  shunts  to  overcome  the  static  charge 
on  lines.  The  author,  in  1884,  proposed  to  apply  such  shunts  to 
enable  him  to  introduce  a  battery  current  into  a  telephone  line 
without  diverting  the  working  telephonic  currents.  Again,  it 
has  been  found  in  telephone  work  that  a  telephone  receiver 
placed  across  from  line  to  earth,  as  a  shunt  or  bridge,  does  not 
prevent  another  receiver  further  down  the  line  from  receiving 
its  proper  current.  This  bridge  method  of  arranging  telephonic 
instruments  has  for  years  been  used  in  the  British  Postal  Tele* 
graph  service.  In  1890  a  most  suggestive  communication  was 
made  at  the  Detroit  Convention  of  the  American  Association  by 
Mr.  J.  J.  Carty  on  "Bridging  Bells,"  in  which  he  described 
arrangements  of  way-lines  in  which  the  electromagnets  of  the 
bells  instead  of  being  inserted  in  the  lines  (where  their  imped- 
ance would  prevent  telephonic  talk),  were  set  as  bridges  or 
shunts  from  line  to  earth.  He  found*  a  way-line,  with  eight 
such  shunts  upon  it  at  eight  intermediate  stations,  to  transmit 
speech  better  than  it  did  with  only  two  stations.  In  this  case  the 
coils  used  had  resistances  of  1,000  ohms,  as  measured  on  the 
Wheatstone  bridge;  but,  with  a  magneto-generator  giving  an 
alternate  current  the  impedance  was  about  10,000  ohms.  Again, 
when  in  1891  the  London-Paris  telephone  line  was  constructed 
by  Mr.  Preece,  with  a  special  cable  about  20  miles  in  length  from 
Dover  to  Calais  in  the  middle  of  it,  the  circuit  being  metallically 
closed,  it  was  found  that  the  talking  from  London  to  Paris  was 
in  no  way  in terf erred  with  when  telephonic  receivers  were 
bridged  across  the  circuit  at  the  two  ends  of  the  cable.  In  fact, 
such  bridging  rather  improved  the  working  of  the  line.  It  is, 
therefore,  reasonable  to  suppose  that  by  systematizing  the  ar- 
rangements, of  which  more  or  less  imperfect  glimpses  are 
afforded  in  these  instances,  and  by  providing  a  cable  with  induc- 
tive shunts  at  proper  intervals  all  along  so  as  to  balance  the 
capacity  from  point  to  point,  in  a  distributive  manner,  the 
longest  cable  can  be  made  to  transmit  speech,  and  if  speech, 
the  less  frequent  impulses  of  automatic  telegraphs. 

•See  Electrical  World,  vol.  xvi.,  p.  208,  1890. 
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Many  experiments  have  been  made  in  the  author's  laboratory 
with  arrangements  of  apparatus  set  up  to  imitate  by  condensers 
and  resistances  the  retarding  properties  of  actual  cables.  An 
example  will  suffice.  A  section  of  artificial  cable  was  made  up 
of  a  resistance  of  7,000  ohms,  and  a  capacity  across  between  line 
and  earth  of  10  microfarads.  Through  this  cable  not  a  sound 
could  be  transmitted  telephonic-ally  to  a  double-pole  Bell  receiver 
at  the  distant  end,  either  with  a  Blake  transmitter  (with  indue* 
tion  coil)  or  with  a  Hunnings  transmitter  without  induction  coil. 
When,  however,  a  single  compensating  self-induction  coil,  having 
a  resistance  of  only  312  ohms,  and  a  time  constant  of  about 
0.005  second,  was  bridged  across  at  an  intermediate  point,  tele- 
phonic transmission  became  at  once  possible,  save  for  very  shrill 
sounds. 

One  curious  result  came  out  in  one  of  the  series  of  experi- 
ments, namely,  that  those  telephonic  transmitters  which  have  in- 
duction coils  in  them  (the  ordinary  mutual  induction  coils  with 
thick  and  thin  winding),  are  almost  useless  for  the  purpose  of 
cable  transmission.  Apparently  the  fine-wire  winding  has  too 
great  a  self-induction  in  series  in  the  circuit,  to  be  suitable  for 
this  purpose.  At  any  rate,  better  results  were  obtained  from 
transmitters  of  other  types.  Quite  recently  the  author  has  got 
better  results  from  a  transmitter  in  which  the  ordinary  two-wire 
mutual  induction  coil  was  replaced  by  a  single  self-induction  coil 
on  a  plan  suggested  by  him  in  1884.  It  is  obvious  that  any  plan 
which  contemplates  the  counter-balancing  of  retardation  by 
shunting  (through  self-induction  coils)  a  notable  fraction  of  the 
current,  may  necessitate  a  new  type  of  transmitter  capable  of 
sending  telephonic  currents  of  much  greater  amperage  than 
those  ordinarily  used  in  overland  telephony. 

So  far,  the  evidence  for  the  effective  operation  of  self-induc- 
tion has  been  considered.  But  there  exists  also  much  evidence 
to  show  that  mutual  induction  by  devices  properly  distributed 
along  a  twin-wire  cable  will  also  be  effective  in  neutralizing  the 
retardation  due  to  distributed  capacity.  It  is  an  old  and  well- 
established  rule  that  the  retardation  in  a  cable  is  proportional 
to  the  square  of  its  length.  If  one  could  cut  a  2,000  mile  cable 
into  two  cables  of  1,000  miles  each,  and  simply  translate  or  relay 
the  current  from  one  into  the  other,  the  retardation  of  the  whole 
ought  to  be  reduced  very  materially,  perhaps  not  to  one-quarter, 
but  at  least   to   one-half.      Only  here,  again,  it  i6  evident  that 
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some  of  the  electric  energy  supplied  at  one  end  must  be  used  up 
in  the  act  of  working  the  translator  or  relay,  however  it  is  con- 
structed, even  if  it  be  only  a  trimple  mutual  induction  coiL 
Therefore,  if  a  cable  is  cut  up  into  numerous  sections,  each  con- 
nected by  mutual  induction  with  the  next,  a  considerable  fraction 
of  the  energy  put  in  at  one  end  may  never  reach  the  other,  being 
spent  on  the  road  in  overcoming  the  retardations  that  would 
otherwise  arise.  For  land  lines  it  has  often  been  proposed  to  cut 
up  the  line  into  parts,  as  for  example,  by  Edison  in  his  patent 
No.  150,848,  in  which  for  the  attaining  of  greater  speed  he  shows 
a  line  divided  at  three  intermediate  points  where  the  circuit  is 
grounded  through  mutual  induction  coils.  The  objection  to 
ordinary  induction  coils  for  the  purpose  is  that  they  are  never 
well  enough  made  from  the  inductive  point  of  view.  If  they 
are  not  so  constructed  that  all  the  magnetic  flux  doe  to  one  of 
the  sets  of  coils  interlinks  itself  with  the  other  coil,  then  each 
coil  will  possess  an  unbalanced  self-induction,  and  will  offer  an 
impedance.    Mutual  induction,  as  is  well  known,  tends  always. 
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to  wipe  out  the  self-induction  of  both  the  circuits  thus  brought 
together ;  but  with  the  most  perfect  conditions  of  magnetic  cir- 
cuit, the  utmost  that  the  mutual  induction  can  effect  is  to  neu- 
tralize the  self-induction  only  of  those  coils  which  arfe  acting  as 
mutual  inductors.  It  cannot  neutralize  the  self-induction  in 
parts  of  the  circuit  beyond.  Hence,  for  the  particular  purpose 
in  question — namely,  that  of  enabling  the  circuit  to  transmit 
telephonic  signals — the  induction  devices  must  not  be  simple 
ordinary  coils  inserted  haphazard  at  intervals;  they  must  be 
specially  designed  and  inserted  with  perfect  regularity.  And 
the  cable  itself  must  be  freed  as  far  as  possible  from  self-induc- 
tion. Never,  for  such  a  purpose,  must  a  cable  be  constructed,  as 
Atlantic  cables  have  hitherto  been,  of  a  single  conductor  (of 
stranded  copper)  surrounded  by  an  iron  sheathing  that  comes  in 
between  the  outgoing  and  the  returning  parts  of  the  circuit,  thus 
adding  an  enormous  impedance.  Happily,  in  all  twin  cables. 
where  outgoing  and  returning  conductors  lie  side  by  side  within 
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the  sheath,  the  iron  of  the  sheath,  enclosing  both,  increases  the 
mutual  induction  between  them.  As  the  author  pointed  out  in 
1890,  in  the  discussion  on  the  London-Paris  telephone  line,  the 
mutual  induction  of  the  twin  cable  is  a  positive  gain,  enabling  . 
transmission  to  take  place  far  beyond  the  limits  previously  as- 
signed from  considerations  as  to  capacity  and  resistance  alone. 
In  such  constructions  as  Fig.  6  the  iron  used  to  increase  the 
self-induction  of  the  wires  that  act  as  compensators  will  of  itself 
increase  the  mutual  induction  between  the  twin  conductors  if  they 
are  properly  disposed.  The  experience  gained  with  alternate 
current  working  is  absolutely  conclusive  as  to  the  efficient  action 
that  may  be  expected  in  special  constructions  for  future  ocean 
telephony. 

IV. — Conclusion. 

Ocean  telephony  is  possible.  The  means  for  attaining  it  are 
within  our  grasp.  Compensated  cables  of  the  new  type  are  en- 
tirely practicable.  It  may  be  needful  to  begin  with  some 
shorter  line  than  an  Atlantic  cable,  in  order  to  gain  experience. 
But  an  Atlantic  cable  constructed  on  the  new  plan  will  not  cost 
much  more,  when  laid,  than  one  of  the  old  type ;  and  whether  or 
not  it  is  successful  in  conveying  telephonic  speech,  it  will 
certainly  transmit  telegraphic  messages  at  a  greatly  accelerated 
speed  of  signalling.  If  one  Atlantic  cable  can  be  constructed  to 
do  the  work  now  requiring  eight  cables,  that  cable  will  be  con- 
structed. Acceleration  of  the  ocean  telegraphic  service,  is  in 
itself  a  desirable  step  in  advance ;  but  the  advance  will  not  be 
complete  until  telephonic  speech  is  transmitted  also  from  shore 
to  shore. 


At  the  conclusion  of  Dr.  Thompson's  paper,  which  was 
greeted  with  great  applause,  it  was  resolved,  that  the  discussion 
of  said  paper  should  oe  postponed  until  the  next  session  of  the 
Section,  as  the  hour  for  adjournment  was  near,  and  the  discus- 
sion could  not  be  finished  at  the  present  session. 

The  Chairman  then  announced  that  owing  to  the  number  of 
papers  assigned  to  Section  B,  some  of  which  could  with  equal 
propriety  have  been  assigned  to  Section  C,  it  was  under  discussion 
to  transfer  some  of  them  to  Section  C,  and  if  that  programme 
was  carried  out,  due  announcement  of  it  would  be  made  m  Sec- 
tion B. 
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The  following  papers  were  afterwards  transferred  to  Section  C : 

"Various  Uses  of  the  Electrostatic  Voltmeter,"  by  Dr.  J. 
Sahulka. 

"  On  the  Construction  of  Cables  for  Subterranean  High  Ten- 
sion Circuits,"  by  Dr.  A.  Palaz. 

"On  Direct  Current  Dynamos  of  Very  High  Potential,"  by 
Prof.  F.  B.  Crocker. 

The  meeting  then  adjourned  until  August  23d,  1893,  10  a.  m. 


Second  Meeting,  Wednesday,  Aug.  23,  10  a.  m. 

Section  B  was  called  to  order  by  the  Chairman,  Prof.  Cross, 
at  10  a.  m.,  and  the  minutes  of  the  meeting  of  August  22nd 
were  read  by  the  Secretary,  and  were  approved. 

The  Chairman  : — The  next  business  in  order  is  the  considera- 
tion of  the  paper  of  yesterday,  read  by  Dr.  Sylvanus  P.  Thomp- 
son, F.  K.  S.,  on  Ocean  Telephony.  The  paper  is  open  for 
discussion  and  we  will  be  glad  to  hear  any  remarks  or  questions 
thereon. 

Dr.  Carroll  :  I  was  greatly  interested  in  the  paper  as  read 
and  the  beautiful  illustrations  that  were  given  and  the  principles 
sought  to  be  illustrated,  but  it  occurred  to  me  then,  as  it  occurred 
to  me  before,  in  my  private  work-in  my  laboratory,  that  we, 
practical  electricians,  that  are  working  along  the  line  indicated 
in  the  paper,  as  well  as  on  the  line  indicated  in  the  paper 
preceding,  possibly  may  not  have  attained  the  best  materials 
for  performing  the  services,  namely,  in  the  cable  alluded 
to,  tnat  the  materials  were  not  the  ones  that  would  give 
the  best  results.  We  have  confined  ourselves  to  iron  and 
copper  as  conducting  and  inducting  materials.  Now  I  have 
been  working  for  thirty  years  along  the  line  of  alloys  to  deter- 
mine the  effect  of  the  electrical  action  upon  them. 

I  will  take  but  a  moment  of  your  time,  but  I  want  to  put  in 
your  hands  an  alloy  or  a  series  of  alloys  and  ask  you  to  appoint 
a  committee  that  shall  examine  and  test  these  alloys  with  refer- 
ence to  their  uses  in  electricity.  The  alloy  I  now  have  in  my 
hand  is  one  of  great  conductivity,  greater  than  copper.  And  I 
believe,  although  we  do  not  know  a  thing  until  we  have  tested 
it,  I  believe  instead  of  giving  twenty-live  words  per  minute  over 
a  cable,  this  alloy  would  give  double  that  number  of  words,  be- 
cause of  less  resistance.  I  have  tested  alloys  of  aluminum,  silver 
and  copper.  I  have  tested  200  alloys  of  aluminum,  some  of 
which  will  give  wonderful  conductivity :  much  greater  than 
copper  and  others  not  half  as  much  as  copper,  hence  you  cannot 
determine  by  looking  at  an  alloy  what  you  will  get.  I  have  now 
in  my  possession  an  alloy  of  the  aluminum,  copper  and  silver, 
which  has  to-day  a  tensile  strength  of  two  thousand  pounds, 
which  six  months  ago  had  a  tensile  strength  of  twenty  thousand 
pounds.     All  that  change  has  taken  place  by  electrical  action. 
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Here  is  another  alloy  that  had  a  tensile  strength  of  thirty  thous- 
and pounds  that  has  to-day  fortythousand,  by  electrical  action. 
This  merely  shows  that  electricity,  that  wonderful  something  about 
which  we  know  so  little,  the  best  of  us,  has  effects  that  it  is  per- 
forming and  does  perform  on  alloys  that  make  their  properties 
different  to-day  from  what  they  will  be  to-morrow. 

Dr.  Hayes: — I  would  like  to  ask  a  question.  I  have  al- 
ways found  in  considering  transmission  of  a  telephonic  nature 
thai  it  has  been  desirable  to  look  at  it  from  two  situations ; 
that  of  attenuation  and  distortion.  In  a  twin  cable  we  have 
the  two  cables  added  to  the  two  factors  of  attenuation  and 
distortion,  the  fact  that  we  have  one  capacity  in  the  thin  cable. 
In  the  cable  that  Professor  Thompson  has  brought  before  us,  he 
found  the  injurious  action  was  produced  by  distortion  bv  the  use 
of  electro-magnetic  resistance  centred  between  the  wires,  thus 
recognizing  that  electro  magnetic  resistances  are  practical  and 
reciprocal.  Professor  Thompson  referred  to  the  bridging  bells 
which  have  been  brought  into  use  in  the  United  States  on  all 
our  line3  to  show  that  we  are  practicing  the  placing  of  electro- 
magnetic resistance  between  our  wires. 

In  practice  we  find  to-day  that  we  are  obliged  to  make  the 
electro-magnetic  resistance  of  sufficient  durance  to  allow  higher 
attenuation  of  the  current.  If  we  had  a  telephone  in  the  bridge 
with  electro-magnetic  resistance  practically  no  sounds  would  be 
heard. 

If  we  have  electro-magnetic  resistance  placed  across  the  line 
with  sufficient  impedance,  we  would  get  benefits  from  reduced 
distortion.  Or,  if  we  have  them  sufficiently  low  we  would  have 
benefits  from  less  injurious  distortion. 

Prof.  Andrew  Jamieson,  of  Glasgow : — I  take  the  very 
greatest  pleasure  in  complimenting  Dr.  Thompson  on  his  very 
clever  solution  of  this  problem.  He  put  before  ud  the  whole 
question  in  the  clearest  light  possible,  and  in  as  few  words  as 
could  be  done.  It  often  happens  that  electricians  are  able  to  tell 
and  prophesy  what  would  be  a  result  under  certain  circum- 
stances, but  it  is  very  seldom  they  are  able  to  give  us  a  practical 
solution  of  the  difficulty.  Dr.  Thompson  has  not  only  put  be- 
fore us  this  problem,  but  he  has  given  us  a  solution  thereof.  He 
will,  however,  have  to  rely  on  the  great  cable  engineers  of  the 
world  in  order  to  get  it  into  shape.  As  you  know,  there  are 
only  two  firms  in  the  world  that  have  laid  cables  across  the 
Atlantic,  The  Commercial  Construction  and  Maintenance  Com- 
pany and  Siemens  Brothers,  of  whom  we  have  an  able  repre- 
sentative with  us. 

Xow,  it  is  astonishing  in  Dr.  Thompson's  paper  that  he  makes 
this  statement :  "  It  speaks  only  with  the  still  slow  signals  of  the 
"  mirror  galvanometer  or  of  the  siphon  recorder.  Six  or  eight 
"  words  per  minute  slowly  spelled  out  are  the  usual  limits  of 
"  working  of  an  Atlantic  cable."   But  he  corrects  that  to  twenty- 
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five  words  a  minute.    Dr.  Thompson   has  learned  something 
since  he  came  to  America. 

Looking  at  Dr.  Thompson's  device  the  cores  would  cost  at 
least  twice  the  amount  of  the  present  cable  cores  unless  he  was 
able  to  make  them  of  a  very  much  smaller  diameter.  It  costs 
forty  pounds  per  knot  for  the  Atlantic  core,  it  would  cost  eighty 
pounds  for  his.  It  would  of  necessity  be  much  more  complicated 
and  these  firms  who  hold  the  ground  would  not  come  under  the 
very  strong  rules  which  they  have  hitherto  done  in  regard  to 
time. 

There  is  one  question  I  wish  to  ask  Dr.  Thompson,  and  it  is 
this:  Supposing  there  are  two  conductors,  a  and  b,  similar  to  the 
present  Atlantic  cable,  and  a  third  wire  c,  which  is  an  empty 
induction  wire,  (Fig.  6),  wouldn't  there  be  an  induction  between 
a  and  c? 

Dr.  Thompson  : — The  mutual  induction  of  c  and  a  would  be 
cancelled  by  the  corresponding  mutual  induction  of  b. 

Prof.  Jamieson  : — Another  point  and  the  last  point  is,  namely : 
How  will  Dr.  Thompson  localize  the  faults  in  these  cables  ?  Will 
he  have  to  treat  the  whole  three  cables  as  one  ?  That  is  one  of 
the  principal  things  we  have  to  consider  and  guard  against,  and 
that  is,  to  oe  able  to  locate  the  fault  when  it  occurs. 

Mr.  Thos.  D.  Lockwood,  of  Boston : — The  great  trouble  in 
discussing  a  paper  like  this  is  that  the  author  usually  has  had  an 
excellent  opportunity  to  consider  the  subject,  and  that  his  hearers 
have  not  had ;  this  discrepancy  between  the  opportunities  of  the 
author  and  the  auditors  is  very  greatly  accentuated  where  the 
former  is  so  pre-eminently  gifted  by  nature  as  a  theorist.  The 
main  difficulty  of  the  subject,  that  I  see,  is,  that  in  its  present 
stage  the  discovery  not  having  been  practically  tried,  and  not 
likely  to  be  soon  practically  tried,  the  author  has  the  opportunity 
of  having  both  sides  of  the  subject,  and  of  saying  all  or  nearly 
all  about  it  that  there  is  to  be  said ;  and  I  think  he  has  said  nearly 
all,  because  every  one  here  will  agree  with  me  that,  with  respect 
to  such  a  suggestion  as  this,  of  transmitting  articulate  speech 
through  a  long  cable,  the  only  proof  of  it  is  in  the  practice.  The 
proof  of  the  pudding  must  be  in  the  eating.  I  nave  this  sug- 
gestion to  offer  to  Prof.  Thompson,  that  although  it  may  not  be 
possible  to  get  a  cable  3,000  miles  long  to  make  a  practical  test, 
it  may  be  possible  to  get  a  shorter  cable,  and  try  it  it  is  not  pos- 
sible to  get  a  submarine  cable  or  get  a  number  of  underground 
cables  and  piece  them  together  until  they  are  long  enough  to  try 
the  experiment  practically.  I  have  to  leave  you  rather  unceri- 
moniously  to  participate  in  a  discussion  in  Section  C,  but  before 
I  go  I  wish  to  say  that  although  I  have  not  had  the  privilege  of 
hearing  the  paper  read,  I  have  had  what  I  consider  a  much 
greater  privilege,  namely  that  of  reading  it,  and  have  had  an 
opportunity,  although  not  as  long  as  could  have  been  desired,  of 
digesting  it,  and  I  wish  to  tender  my  tribute  of  admiration  to  the 
paper  presented  to  us  by  Prof.  Thompson. 
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Mr.  Charles  Cuttriss,  of  New  York,  spoke  as  follows : — 
Sometime  ago  I  got  Dr.  Thompson's  paper.  I  thought  I  would 
look  into  the  matter  and  have  some  experiments  made ;  so  under 
my  instructions  the  superintendents  at  the  different  stations 
made  three  series  of  experiments.  All  of  these  three  ought 
to  come  exactly  alike  but  the  speeds  were  not  alike.  The 
one  joined  by  the  metallic  circuit  was  weaker.  The  way 
the  experiment  was  made  was  as  follows :  We  took  a  recorder 
and  put  it  in  an  automatic  transmitter  giving  a  frequency  current 
of  about  500  per  minute,  which  was  our  maximum  rate  of  speed. 
We  found  the  gap  recorded  exactly  in  tlte  same  condition  for  all 
the  experiments.  No  other  change  was  made  except  to  shift  from 
one  circuit  to  the  other.  As  I  say,  the  metallic  arc  was  the  most, 
the  straight  call  came  next,  and  the  metallic  is  very  much  smaller. 
That  seems  to  be  directly  in  opposition  to  the  statement  in  the 
paper  as  to  the  experiment  that  has  been  arrived  at  over  the 
Dover  cable.  Of  course  these  things  will  come  in,  and  I  simply 
mention  it  to  show  the  fallacy  of  sometimes  trying  experiments 
on  artificial  lines,  and  imagining  they  will  give  you  the  same 
effect  as  actual  cables.  I  thmk  the  experience  of  anybody  who 
has  tried  making  a  good  current  transmitter  will  show  that 
although  his  current  transmitter  will  work  beautifully  on  arti- 
ficial work,  when  he  puts  it  on  a  cable  he  is  worse  off  than 
before. 

It  makes  its  signals  clear,  it  makes  them  almost  nothing  ;  be- 
tween the  two  evils  it  is  better  to  keep  the  signals  not  so  clear, 
and  give  the  operators  an  opportunity  to  do  better  work.  If,  by 
experiment  on  our  cable,  we  could  in  any  way  assist  Prof.  Thomp- 
son, I  should  be  most  happy  to  do  so. 

Mr.  Oliver  Heaviside  : — Mr.  Chairman,  I  think  I  speak  not 
only  my  own  impressions,  but  all  those  present  during  the  read- 
ing of  Prof.  Thompson's  admirable  paper,  when  I  say  the  sub- 
ject discussed  therein  is  of  enormous  importance  both  from  a 
scientific  and  commercial  standpoint,  and  that  we  are  greatly 
indebted  to  Dr.  Thompson  for  such  a  suggestive  paper.  Since 
Dr.  Thompson  has  mentioned  my  name  in  connection  with  the 
great  system  of  telephoning,  I  venture  to  say  that  my  experience 
in  the  British  post  office,  dating  from  1877,  confirms  in  a  great 
degree  the  general  principles  laid  down.  I  may  state  this,  that 
very  shortly  after  the  introduction  of  the  telephone  in  the  north 
of  England  we  found  that  the  limits  of  distance  through  which 
it  could  be  worked  was  exceedingly  small,  no  electro-magnet 
being  joined  in  series,  because  in  that  neighborhood  nearly  all  the 
municipalities  insisted  on  the  wires  being  placed  under-ground. 
We  found  that  the  remedy  was  to  join  up  all  the  electro-magnets 
in  a  bridge.  We  joined  up,  say  twenty-six  in  a  certain  case,  not 
upon  an  artificial  line,  but  upon  a  practical  line.  Our  limit 
working  through  an  ordinary  underground  work  extended  out  to 
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thirty  miles.  Our  underground  work  was  not  especially  adapted 
to  underground  telegraphy.  I  should  state  in  addition  to  that 
we  had  some  automatic  arrangements  by  which  we  could  measure 
the  indicators,  and  by  putting  observers  and  placing  in  silence 
boxes  at  each  end  they  were  not  aware  of  what  we  were  doing, 
but  they  were  always  able  to  find  in  the  presence  of  the  electro- 
magnets beneficial  results.  These  electro-magnets  were  not 
designed  to  give  the  be6t  speed.  We  were  obliged  to  make  a 
compromise.  I  havn't  the  least  doubt  if  this  were  developed,  of 
course  commencing  upon  a  small  scale,  you  could  get  desired 
results,  if  you  will  use  plenty  of  copper,  which  is  the  principal 
factor  in  the  distortion  ol  the  signals. 

Prof.  Henry  D.  Wilkinson,  of  London,  Eng.: — I  should  like 
to  express  the  extreme  satisfaction  this  paper  has  afforded  me  in 
having  offered  so  able  a  solution  of  the  problem  of  ocean  tele- 
phony and  telegraphy  at  high  speed.  I  should  like  to  ask  Prof. 
Thompson  whether  the  effect  ol  this  third  wire  of  his  does  not 
cause  further  retardation  of  the  signals  in  consequence  of  the 
fact  that  has  been  pointed  out.  Would  not  the  hysteresis  of  the* 
iron  cause  additional  retardation  ?  I  should  like  to  ask  him  whether 
he  considers  that  the  effect  of  retardation  would  be  completely 
wiped  out  by  his  method  of  construction? 

I  can  only  say  I  appreciate  verv  highly  the  able  character  of 
this  paper  and  compliment  Dr.  Thompson  upon  it. 

Mr.  A.  E.  Kennelly,  see  page  487. 

Mr.  Alexander  Siemens,  of  London : — I  think  that  the  sub- 
ject ought  to  be  looked  at  as  well  from  a  practical  standpoint  as 
irom  a  theoretical.  We  all  know  in  commercial  matters  the  first 
thing  to  be  considered  is  cost.  Now,  what  I  object  to  in  the 
cable  proposed  by  Prof.  Thompson  is,  that  it  is  extremely  diffi- 
cult to  construct,  and  that  it  will  cost  considerable  more  than  the 
single  cable  which  will  give  exactly  the  same  speed,  and  the 
Professor  has  certainly  corrected  what  he  said  yesterday,  for  if 
he  speaks  of  eight  words  per  minute  he  certainly  shows  he  is  not 
quite  up  to  date  as  to  what  is  being  done.  I  think  it  is  entirely 
overlooked  that  capacity  is  not  the  only  enemy  of  telegraphy,  but 
the  electrification  of  the  material  plays  a  great  part,  ana  that  is 
just  the  reason  why  overhead  lines  oner  no  particular  difficulty 
for  long  distance  telephoning,  because  the  air  has  practically  no 
electrification,  while  the  underground  material  has  a  good  deal  of 
electrification,  but  we  do  not  get  over  that  by  the  device  sug- 
gested by  Professor  Thompson.  I  would  also  say  the  same 
objection  applies  to  that  alloy  which  was  shown. 

We  do  not  want  a  conductor  better  than  copper,  but  at  the 
same  time  it  i6  really  the  commercial  consideration  which  makes 
these  fancy  constructions,  which  are  very  good  theoretically,  im- 
possible. 

The  Chairman  : — A  point  occurred  to  me  that  has  not  been 
alluded  to  specifically,  because  very  likely  it  is  old  to  experts  in 
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telephony.  There  is  this  manifest  difference  between  cable  tele- 
graphy and  cable  telephony  :  in  the  former  the  precise  form  of  the 
electric  wave  is  of  minor  importance,  at  most  only  affecting  the 
speed.  In  signalling  with  a  siphon  recorder  a  slight  departure 
from  the  normal  form  of  the  current  wave  does  not  do  any  great 
harm,  as  there  is  a  gradual  passage  from  distinct  legibility  to 
illegibility.  But  in  telephonic  transmission  a  very  slight  devia- 
tion from  the  proper  form  of  current  wave  causes  complete  loss  of 
intelligibility.  Tne  impression  is  oftentimes  very  short  and, 
therefore,  if  the  articulation  is  really  poor,  increased  loudness 
may  perhaps  be  a  hindrance  rather  than  a  help,  there  being  no 
difficulty  in  understanding  speech  in  the  absence  of  disturbing 
sounds  with  very  imperfect  transmitters,  provided  only  that  they 

five  the  wave  in  its  proper  form.  This  of  course  renders  the 
elicacy  of  telephonic  transmission  'greater.  Perhaps  some  per- 
son can  inform  me  if  any  measurement  has  been  made  of  the 
strength  of  the  telephonic  current  when  it  enters  at  Chicago,  and 
when  it  emerges  at  Boston.  Some  quite  crude  experiments  on 
"  the  line  between  New  York  and  Boston  give  for  the  current 
reaching  Boston  only  about  one  per  cent,  of  the  strength  of  the 
current  at  its  entrance  into  the  cable  at  New  York. 

Prof.  Silvanus  P.  Thompson  : — Mr.  Chairman.  I  have  been 
feeling  rather  like  the  individual  in  one  of  those  side  shows  that 
can  be  found  a  few  miles  away  from  here,  where  there  is  a  booth 
erected  and  at  one  end  of  that  booth  there  is  a  partition  with  a 
hole  in  it  and  a  negro  boy  presents  his  face  there  to  be  shot  at ; 
he  has  to  find  out  how  to  ward  off  one  blow  after  another,  but 
dare  not  desert  Ids  place.  I  have  to  stand  the  fire  of  my  friends. 
I  will  now  try  to  ward  off  their  blows.  Some  of  them  nave  said 
very  pretty  things  about  me  and  about  my  effort,  and  I  thank 
you  very  much  lor  the  compliment,  but  I  hope  I  shall  not  be 
blinded  by  it,  because  if  there  is  any  discovery  or  invention  in 
what  I  have  laid  before  you  I  hope  I  shall  be  the  first  to  recog- 
nize that  the  discovery  or  invention  will  be  absolutely  worthless 
if  it  cannot  stand  the  fire  of  criticism,  not  only  here  but  every- 
where. The  first  stage  of  success  is  to  know  what  the  difficulties 
are  that  have  to  be  met.  In  spite  of  all  the  fears  that  have  been 
expressed  that  this  way  of  working  will  not  be  practicable  I  still 
remain  unconvinced,  I  still  consider  that  I  have  got  on  to  the  right 
track,  and  I  earnestly  hope  I  may  have  the  co-operation  of  the 
large  corporations  throughout  the  world  and  the  co-operation  of 
the  large  manufacturers  who  make  cables.  I  shall  be  the  very 
first  to  say  that  no  man  could  hope  without  such  co-operation  to 
arrive  at  success,  because  if  he  does  not  get  that  co-operation  he 
will  have  to  encounter  numerous  difficulties.  The  matter  practi- 
cally rests  with  the  cable  companies,  the  cable  companies  of  the 
world,  whether  they  will  choose  to  fathom  this  idea  of  mine  to 
the  bottom  and  show  me  where  I  am  wrong.     But  the  idea  is  so 
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clear  in  my  mind  that  I  cannot  resist  the  logical  conclusion  that 
this  is  the  right  way  of  construction.  Perhaps  I  might  be  allowed 
at  this  time  to  call  attention  to  a  point  of  evidence  as  to  such 
inductive  leaks.  Here  is  a  case  in  point,  the  cable  on  the  West 
African  coast  from  Sierra  Lione  to  Bona,  the  length  bf  that  piece 
being  between  sixteen  and  seventeen  hundred  miles.  The  inter- 
mediate point  at  Aghrua  is  about  a  thousand  miles.  It  was 
found  in  practice  for  the  purpose  of  telegraphy,  that  if  you  de- 
sired to  work  to  Sierra  Lione  and  further  it  was  not  best  to  join 
the  ends  at  Aghrua,  that  it  was  better  to  put  on  the  inductive 
leak  at  Aghrua.  Supposing  you  had  eight  or  may  be  sixteen 
inductive  leaks,  speed  signalling  would  be  very  much  increased ; 
you  might  require  a  different  mode  of  transmitting.  That  is  my 
claim,  that  by  carefully  arranging  these  inductive  leaks  you  can 
use  the  induction  but  you  will  have  to  pay  for  it;  yet  the  amount 
of  proof  remains  the  same.  1  would  lite  to  refer  in  detail  to  a 
few  of  the  remarks  that  have  been  made.  Mr.  Lockwood  tells 
me  that  I  have  discovered  since  I  came  to  the  States  that  the 
Commercial  cable  works  twenty -five  words  per  minute  instead  of 
eight.  I  did  not  know  that  they  worked  to  that  speed,  but  the 
Commercial  cable  is  the  only  one  that  does.  I  very  much  doubt 
if  the  speed  of  signalling  of  the  others  exceed  more  than  six  or 
eight,  including  the  gap.  The  speed  from  Bombay,  which  is 
about  1.800  miles  long,  only  gets  up  to  eighteen  words  a  minute. 
It  is  a  joke  you  know  when  you  want  to  make  a  record  of  speed. 
You  choose  the  words  that  have  the  shortest  letters.  I  think  the 
sentence  usually  used  is,  "  It  is  so  hot,  so  hot  it  is,  it  is  so  very 
hot."  Yo  can  send  that  at  a  tremendous  rate,  but  twenty-five 
words  a  minute  if  it  means  that  all  the  eight  cables  that  have 
been  laid  across  the  Atlantic  can  work  at  the  rate  of  twenty-five 
words  per  minute,  why,  I  should  think  we  could  do  ten  times  as 
much  if  we  only  could  find  out  how  to  compensate  that  which 
causes  retardation.  The  speed  might  be  increased  certainly  more 
than  ten  fold.  Prof.  Jamieson  has  suggested  to  me  that  the  cost 
would  be  very  much  greater.  1  think  he  puts  it  at  forty  pounds 
a  mile  as  to  the  cost  of  the  core.  I  think  there  are  some  electri- 
cal companies  that  would  be  very  glad  to  provide  a  core  for 
forty  pounds. 

Mr.  Siemens  : — We  would  not  make  a  core  for  that. 

Prof.  Jamieson  : — It  is  too  low  a  price. 

Pbof.  Thompson  : — There  is  a  very  great  difference  between 
the  cost  of  making  the  mere  core  of  a  cable  and  the  cost  of  com- 
pleting that  cable  and  laying  it,  and  let  us  not  confuse  the  one 
thing  with  the  other.  The  cost  of  making  a  cable  such  as  I  have 
suggested  with  two  cores,  which  does  not  need  to  be  well 
insulated,  and  three  cores  which  need  to  be  insulated  is  different. 

Now  another  point :  Prof.  Jamieson  asked  me  how  I  would 
localize  the  faults.  The  localization  of  cable  faults  is  a  very  nice 
exercise,  but  we  all  know  Prof.  Jamieson's  reputation  as  a  most 
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accomplished  faultfinder.  I  use  the  term  in  an  entire  compli- 
mentary sense,  and  if  Mr.  Jamieson  cannot  find  a  way  of  localiz- 
ing a  fault  in  a  cable  like  this,  I  should  like  to  ask  Mr.  Wilkinson 
to  try  his  hand,  and  then  I  should  like  to  ask  Mr.  Kennelly  if  it 
is  out  of  the  range  of  science,  and  I  should  be  very  much  aston- 
ished if  Scotland,  England  and  America  could  not  localize  the 
fault.  I  will  answer  the  point  Mr.  Wilkinson  raises,  whether  the 
third  wire  would  not  of  itself  introduce  a  new  action  of  retarda- 
tion, I  am  not  sure  that  would  be  important  in  a  particular  case. 
Prof.  Jamieson  asked  me  whether  tnere  would  not  be  an  inter- 
ference to  mutual  induction  between  a  b  and  c,  o  being  this  com- 
pensating wire.  That  might  be  guarded  against  by  surrounding 
c  with  another  wrapping  of  iron.  It  certainly  could  be  guarded 
against  by  increasing  the  self-induction  of  c,  while  it  doe6  in- 
crease the  mutual  induction  between  a  and  b. 

Peof.  Thompson  : — Mr.  Siemens  raised  another  point  that  he 
called  electrification  of  the  inducting  material  coming  into  play. 
I  think  he  means  electrification  that  will  remain  after  the  con- 
ductor has  been  discharged.  I  don't  think  the  serious  part  of 
the  retardation  to  be  found  in  the  cable  arises  from  dielectric 
disturbances.  Such  a  secondary  consideration  would  not  frighten 
us  off  from  the  main  problem  I  think  I  said  it  would  be 
wiser  to  begin  at  some  shorter  length  than  the  whole  Atlantic 
cable.  That  is  indeed  what  Mr.  Lockwood  was  good  enough  to 
suggest  to  me.  It  is  important  that  all  suggestions,  if  they 
have  any  merit,  if  they  receive  your  favorable  consideration,  it 
is  important  for  the  progress  of  science  that  they  shall  be  tried, 
and  I  do  certainly  hope  that  somebody  will  stir  it  up  and  give 
my  project  a  trial,  for  nothing  short  of  a  practical  trial  will  sat- 
isfy me,  or  anybody  else,  perhaps,  that  my  suggestion  is  not 
one  that  has  not  in  it  the  germs  of  future  improvement. 

Mr.  Cuttris  : — I  wish  to  clear  Dr.  Thompson's  mind  from  any 
idea  that  the  figures  given  in  regard  to  the  speed  on  Commercial 
cable  was  bogus.     There  were  five  actual  observers. 

Prof.  Thompson  : — If  by  employing  a  mechanical  transmitter 
you  can  transmit  twenty-nve  words,  then  I  say  your  method  of 
transmitting  has  made  very  great  advances.  There  is  no  doubt 
but  your  cable  possesses  better  properties  than  older  cables. 

The  Chairman  : — I  will  next  call  for  the  paper  by  Dr.  Lindeck 
on  "  Materials  for  Standards  for  Resistance  and  their  Construc- 
tion." 


MATERIALS  FOR  WIRE  STANDARDS  OF 
ELECTRICAL  RESISTANCE. 


BY   DR.    8TEPHAN   LINDECK, 
Asr'stant  to  the  Physikalisch-Technische  Retchsanstalt  Charlottenburg,  Berlin. 


More  than  thirty  years  ago  Werner  von  Siemens  proposed  to 
fix  the  practical  unit  of  electrical  resistance  by  such  a  definition, 
that  by  referring  back  to  the  units  of  length  and  mass  and  by 
the  use  of  mercury,  an  element  chemically  and  physically  so 
well  defined,  the  unit  would  always  be  reproduced  with  exact 
accuracy. 

This  proposition  at  the  time  was  greatly  opposed,  but  its  cor- 
rectness in  the  course  of  years  has  been  proven  more  and  more, 
and  is  demonstrated  in  the  most  striking  manner  by  the  fact, 
that  this  proposition  is  suggested  for  International  approval  at 
the  present  Congress,  as  a  further  development  of  the  resolu- 
tions passed  at  the  Congresses  in  Paris  in  1881  and  in  1884. 

The  accurate  reproduction  of  mercury  resistances,  as  is  well 
known,  requires  great  care,  and  the  use  of  the  same  is,  there- 
fore, limited  to  a  few  well  arranged  laboratories ;  the  question 
still  remains,  which  material,  according  to  modern  experience,  is 
most  suited  for  secondarv  wire  standards,  which  are  almost  ex- 
clusively  used  for  practical  measurements.  This  question  was 
first  considered  by  the  Electrical  Standards  Committee  of  the 
British  Association,  in  the  beginning  of  the  sixties.  The  com- 
mittee resolved  to  make  copies  of  a  german-silver  resistance, 
•which  had  been  absolutely  determined,  out  of  various  alloys,  and 
to  adjust  therefrom  ten  unit  coils,  whereof  two  respectively  con- 
sisted of  platinum-silver,  gold-silver,  platinum-iridium,  commer- 

<rially  pure  platinum  and  mercury.   It  was  expected  that  the  choice 
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of  so  many  different  materials  would  assure  that  the  result  of 
the  absolute  determination  could  not  be  lost. 

For  the  material  used  for  the  copies,  which  were  distributed 
by  the  committee,  the  platinum-silver  alloy  was  chosen ;  Dr. 
Matthiessen,  to  whom  this  work  was  entrusted,  recommended 
this  material  on  the  strength  of  several  years  investigation,  and 
it  has  been  greatly  used  since  for  standard  resistances  in  England 
and  in  this  country.  Nevertheless  it  is  not  possible  to  rely  ab- 
solutely upon  the  constancy  of  a  resistance  standard  made  of 
this  material. 

The  following  measurements  made  by  me  in  the  Reichsanstalt 
with  a  resistance  coil  furnished  by  Elliott  Bros.,  London,  will 
show  this.  This  coil  was  tested  during  two  successive  years  in 
the  Cavendish  Laboratory  in  Cambridge. 


Platin-Silveb. 


A 

Date. 

Resistance. 

Remarks. 

1892. 

'•      a 

1893. 

July  «7 

11    18 

1.000697  (6  22) 

697  (B  93) 

1.003699  (K  23) 

1.000556 
1. 0005  66 

B 

Resistance  at 

i8QC. 

Remarks. 

0.98545 
0.98518 
0.98555 

i  Heated 
v  Temp. 
)      very  1 

to  400  C. 

of    the     Lab. 

ow. 

COMPARISONS  IN  CAMBRIDGE. 


Date. 


1891. 
i  March  4 . . 


1892. 
July  95. 

also 


Resistance. 


0.99994 

X.OQLOO 
I.0II90 

X.0IX07 
1.0(103 


Remarks. 


At  13.90 

At  16.850 

B.A.U.ati6.85° 

At  170 
B.A.U.at  16.850 


Entirely  independent  observations  thus  proved  that  the  value 
of  a  resistance  made  out  of  platinum-silver  has  constantly  dimin- 
ished in  a  period  of  two  and  one-half  years.  The  changes  re- 
main, it  is  true,  within  tliQ  hundredths  of  one  per  cent., 
nevertheless  they  exceed  the  limits  allowed  for  standards. 

Another  example  showing  considerable  changes  of  such  a  resist- 
ance, I  take  from  a  late  publication  by  Elmer  G.  Willyoung.* 

*  "  Some  new  apparatus  for  the  most  exact  comparison  and  the  adjustment  of 
resistance  standards,  etc.,"  Journal  of  the  Franklin  Institute,  February,  1898. 
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The  respective  observations  were  made  during  a  period  of  a 
fortnight. 

German-Silver. 


I.— NOT  ANNEALED  AFTER 
WINDING. 

II.— ANNEALED 

AFTER  WINDING. 

Resistance 

Resistance 

Date. 

at  jk>°  C.  (in 

Remarks. 

Date. 

at  ao°  C.  (in 

Remarks. 

Ohm). 

Ohm). 

i88q. 

1889. 

Feb.  13... 

2.2460 

Before  winding. 

Feb.  13... 

2.2470 

Before  winding. 

44    14... 

2.2504 

After  winding,increase 
through       winding, 
0.60  per  cent. 

"    14... 

2.2666 

After  winding,  increase 
through  winding  0.87 
per  cent. 

After  heating  to  90?  C. 

"    15... 

2.2597 

"    15.. 

2.2733 

during  three  hours,  in- 

crease through  heating 

0.29  per  cent. 

*•    16... 

598 

"    16... 

732 

"      29... 

Mar.   4... 

a 

•'    22. . . 
Mar.   4... 

733 
734 

•  ■  •      ■  •  ■  ■ 

19... 

612 

"    19... 

729 

Temperature  changed 
during  the  measure- 
ment. 

April  6... 

6x5 

Time  variation  in  two 
months,     0.09      per 

April  6... 

732 

Time  variation  in  two 
months,  practically  no- 

• 

cent. 

thing. 

Mr.  Willyoung  says :  u  Permanent  increase  if  subjected  to  low 
temperatures,  and  decrease  if  to  higher  temperatures,  are  well- 
known  characteristics  of  the  alloy." 

The  question  as  to  the  most  suitable  material  for  wire  stand- 
ards was  again  taken  up  at  the  congresses  in  Paris  of  1881  and 
1884.  Dumas  called  attention  to  the  alloy  of  platinum  and 
iridium,  of  which  material  the  standards  of  the  metre  and  the 
kilogramme  are  made. 

In  how  far  this  alloy  is  appropriate  for  wire  standards  of  resis- 
tance has  been  investigated  by  Dr.  Klemencic  in  an  interesting 
paper  published  in  1888,  which  at  the  same  time  embraced  the 
study  of  several  other  alloys,  such  as  german-silver,  nickelin 
and  platinum-silver. 

Of  special  interest  are  his  researches  on  the  influence  of  me- 
chanical stress  on  the  resistance  of  a  wire.  It  is  a  known  fact 
among  the  manufacturers  of  electrical  resistances,  that  during 
the  winding  up  of  the  coil  and  in  the  time  subsequent  to  the 
winding,  considerable  changes  occur  which  diminish,  but  can  be 
observed  even  after  some  years,  that  material  of  course  will  be 
most  suitable,  of  which  the  specific  resistance  is  altered  in  tiie 
least  degree.  The  following  conclusions  are  arrived  at  by  Dr. 
Klemencic  on  the  basis  of  his  extensive  researches,  which  cover 
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the  specific  resistance,  coefficient  of  temperature,  thermo-electro- 
motive  force  against  copper,  and  the  influence  of  mechanical 
deformation;  of  the  alloys,  platinum  iridium,  platinum-silver, 
nickel  in  and  german-silver,  the  first  two  are  the  most  appro- 
priate. The  platinum-silver,  however,  is  preferable  on  account 
of  its  small  coefficient  of  temperature  (0.12  per  cent,  against 
0.027  per  cent.).  The  next  best  would  be  nickelin ;  this  material 
is  likely  to  be  identical  with  the  patent  nickel  to  be  referred 
to  later  on.  (It  is  to  be  regretted  that  no  chemical  analysis 
of  these  materials  was  made.)  However,  it  is  a  matter  of  fact 
that  the  thermo-electromotive  force  of  nickelin  against  copper 
is  much  higher  than  of  the  other  materials,  and  this  is  of  great 
importance ;  for  the  connecting  pieces  in  resistance  standards  are 
always  made  of  copper.  German-silver,  the  alloy  which  has 
been  almost  exclusively  used  for  standard  resistances  on  the 
Continent,  is  the  least  desirable.  In  England  an  alloy  called 
platinoid,  which  does  not  differ  much  from  german-silver,  is  in 
common  use.  For  all  alloys,  time  variations  were  found,  which 
consisted  in  an  increase  of  resistance  for  german-silver,  and  in 
a  decrease  for  platinum  silver  and  platinum  iridium. 

Klemencic  further  made  the  important  observation  that  the 
rate  of  time  variation  is  influenced  to  a  high  degree  if  the  wire 
is  heated  to  a  temperature  of  40  to  50°  centigrade,  in  order  to 
determine  its  coefficient  of  temperature.  He  says :  "  Perhaps  it 
would  be  preferable  to  expose  a  newly  made  standard  resistance 
to  a  moderate  rise  of  temperature  during  a  longer  time,  in  order 
to  terminate  more  quickly  the  variations  of  resistance  produced 
by  mechanical  stress."  Klemencic  did  not,  however,  continue  his 
work  in  this  direction. 

One  of  the  duties  of  the  Electro-Technical  Laboratory  of  the 
Physikalisch-Technische  Reich sanstalt,  which  was  founded  in 
1887,  principally  by  the  liberal  donation  of  Werner  von  Siemens, 
is  to  examine  the  correctness  of  electrical  measuring  apparatus, 
and  to  make  such  investigations,  which  tend  to  improve  them. 

As  to  electrical  resistances  the  determinations  of  the  absolute 
value  of  the  ohm  made  some  years  ago  by  Kohlrausch  and  Him- 
stedt  have  shown  to  what  degree  wire  resistances  can  change  in 
the  course  of  time. 

It  is  a  matter  of  fact  that  Kohlrausch  has  observed  for  two 
german-silver  standards  an  increase  almost  equal  in  both  to  the 
amount  of  more  than  one  tenth  of  a  per  cent,  in  one  and  three 
quarters  of  a  year. 
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It  was,  up  to  the  present  time  very  difficult  to  manufacture 
accurate  standard  resistances.  It  was  necessary  to  take  wire  which 
had  been  made  a  long  time  before  ;  to  wind  at  the  same  time  a 
larger  number  of  coils  which  were  not  to  be  disturbed  for  several 
months ;  theft  periodically  the  value  of  the  resistance  was  deter- 
mined and  those  were  chosen  for  standards  which  proved  to 
change  in  the  least  degree ;  nevertheless  such  resistances  are  not 
constant  at  all.  During  many  years  changes  can  be  observed,  as 
for  instance  Mr.  Carpentier  has  shown ;  this  was  also  proved 
with  a  carefully  constructed  resistance,  furnished  by  Carpentier 
to  the  Reichsanstalt.  Such  a  resistance  must  be  considered  to 
be  in  an  unstable  state.  A  somewhat  larger  change  of  the  outer 
temperature  may  effect  considerable  changes,  as  we  have  seen  it 
before  with  a  platinum  silver  resistance. 

Thus  it  was  well  worthy  to  investigate  whether  it  is  not  pos- 
sible to  manufacture  standard  resistances  in  such  a  way  that  they 
show  a  steady  value  for  all  practical  purposes  within  a  short  time 
after  the  winding,  and  not  after  several  years. 

The  following  is  a  short  account  of  the  researches  made  by 
Dr.  Feussner  and  myself  upon  this  subject  in  the  Reichsanstalt, 
which  were  undertaken  before  the  paper  by  Dr.  Klemencic  was 
published. 

For  different  materials  we  determined  :* 

1.  The  chemical  composition,  the  temperature  coefficient,  and 
the  specific  resistance  of  the  'material. 

2.  The  variation  of  resistance  through  the  strain  produced  by 
winding. 

3.  The  time  variation  during  the  period  subsequent  to  wind- 
ing. 

4.  The  influence  of  heating  to  different  temperatures. 

As  regards  the  variation  of  resistance  through  winding,  it  was 
observed  that  the  resistance  of  all  kinds  of  wire  increased  by 
winding,  as  would  be  expected,  the  increase  being  more  pro- 
nounced for  a  given  gauge  of  wire  the  less  the  bobbin's  diameter. 
This  increase  is  due  to  a  mechanical  hardening  of  the  wire  by 
strain,  and  it  is  well  known  that  the  resistance  of  any  metal  is 
less  in  the  annealed  state  than  in  the  hardened  condition. 

In  the  first  place  we  investigated  a  german  silver  alloy  which 

*  Some  of  the  results  here  quoted  as  to  the  influence  of  stress  and  of  a  moder- 
ate rise  of  temperature  were  previously  arrived  at  by  Dr.  T.  Klemencic  {8itz.- 
Ber.  Wien.  Akad.  97,  1888). 
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the  firm  of  Siemens  and  Halske,  in  Berlin,  used  for  standards  at 
that  time.  It  appeared  that  the  increase  of  resistance  through 
winding  could  amount  to  one  per  cent.,  and  that  the  time  vari- 
ation during  the  following  months  was  very  considerable ;  the 
latter  showed  itself  always  as  an  increase  of  resistance.  Another 
remarkable  circumstance  is  the  further  increase  of  resistance 
(amounting  to  a  few  tenths  per  cent.)  by  heating  such  a  wire  for 
several  hours  at  about  100°  C. 

It  might  be  supposed  that  the  wire  would  be  annealed  by  the 
effect  of  the  high  temperature,  and  that  its  resistance  would 
therefore  decrease.  But  our  extensive  investigations  gave  the 
important  result  that  heating  causes  an  increase  of  resistance  in 
all  alloys  containing  zinc  to  any  considerable  amount.  On  the 
other  hand,  all  alloys  examined  containing  no  zinc  show  a  de- 
crease of  resistance  under  the  same  conditions.  The  increase  of 
resistance  by  winding  is  also  much  more  pronounced  with  alloys 
containing  zinc  than  with  those  in  which  this  metal  does  not 
occur.  All  this  seems  to  point  out  that  in  the  former  alloys, 
changes  of  structure  go  on,  which  are  accelerated  by  any  kind  of 
stress  or  by  variations  of  temperature,  and  always  tend  to  in- 
crease the  resistance.  These  changes  of  structure  also  become 
apparent  by  the  time  variations,  which  occur  when  the  resistance 
coil  is  left  to  itself.  The  latter  observations  are  in  perfect  agree- 
ment with  what  was  found  by  former  observers  on  the  time 
variation  of  germau-silver.  The  interesting  result  was  then 
arrived  at  in  close  agreement  with  the  suggestion  of  Dr. 
Klemencic,  that  the  time  variation  would  be  much  accelerated 
by  heating  the  resistance  at  a  high  temperature,  say  100°  C,  for 
a  few  hours.  Within  two  months  after  winding,  the  period  in 
which  german  silver  varies  most,  variations  could  not  be  shown 
withiu  the  errors  of  observation  in  wires  treated  in  the  manner 
described.  During  longer  periods,  say  one  or  two  years,  vari- 
ations would  still  occur,  even  with  annealsd  german-silver  coils. 
But  they  hardly  reach  the  tenth  part  of  those  occurring  when 
this  process  has  not  been  gone  through. 

The  following  table  shows  the  results  of  one  of  the  expert 
ments  with  two  wires  of  german-silver  (60  per  cent.  Cu  /  25.4 
per  cent.  Zn  /  14.6  per  cent.  Ni).  In  both  cases  the  wire  (1  mm. 
in  thickness)  was  wound  on  a  bobbin  10  mm.  in  diameter.  Thfr 
wire  I.  was  left  to  itself  after  winding,  whereas  the  wire  II.  was 
annealed  after  winding  by  heating  it  to  a  temperature  of  90° 
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Centigrade  for  three  hours.  The  resistance  of  each  was  mea- 
sured at  intervals  of  nearly  two  months  from  time  to  time. 

Quite  analogous  results  were  obtained  with  other  alloys  con- 
taining zinc  which  have  been  much  used  for  standards  in  Ger- 
many. The  less  the  percentage  of  zinc,  the  less  became  the 
above  mentioned  variations  of  resistance. 

As  these  zinc-containing  alloys  showed  themselves  so  unreli- 
able, we  extended  our  investigations  to  other  alloys. 

A  few  years  ago  the  firm  of  Siemens  and  Halske,  in  Berlin, 
made  use  of  an  alloy  on  account  of  its  comparatively  low  tem- 
perature coefficient  (0.02  per  cent,  per  1°  C),  called  patent-nickel. 
This  was  tested  in  the  Beichsanstalt  in  the  same  way  a6  the  other 
alloys.  It  contains  about  25  per  cent,  of  nickel  and  75  per  cent, 
of  copper.    The  experiments  gave  the  following  results  : 

1.  The  variations  of  resistance  by  winding  are  considerably 
less  for  this  material  than  with  alloys  containing  an  appreciable 
amount  of  zinc. 

2.  Heating  produces  a  decrease  of  resistance.  There  is,  how- 
ever, not  the  slightest  evidence  for  a  change  of  molecular 
structure. 

Materials  with  such  properties  are  evidently  much  more 
appropriate  for  the  construction  of  standard  resistances.  It  was, 
indeed,  found,  by  comparison  with  mercury  resistances,  that  coils 
of  "patent-nickel,"  which  had  been,  as  we  call  it,  artificially 
aged  by  heating  at  about  140°  C,  have  remained  constant  for  two 
years  within  a  few  thousandths  per  cent.  In  the  following  table, 
for  instance,  are  stated  the  differences  of  two  patent-nickel 
standards  of  1  ohm  (No.  22  and  No.  23),  as  observed  at  different 


times: 


Patent  Nickel. 


Date. 

Difference  of  No.  23- No.  22 
in  Ohms. 

Date. 

Difference  of  No.  23-N0.  22 
in  Ohms. 

1890. 

November  25.. 

1891. 
January  39. . . 
Mays 

1892. 
September  8 .. 
October  25-37 
December  13. 

f     ,89i* 

0.00013 
11 
11 

10 
8 

•     0.000093 

95 
94 

»°3 

1891. 

July  30 

1893. 
March  1 

August  19.... 

0.00009 
10 

9.2 
10. 1 

9-4 
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On  the  other  hand,  from  comparisons  of  the  sum  of  No.  22 
and  No.  23  with  four  different  mercury  standards  (I.,  II.,  III., 
and  IV.,  each  of  about  1  ohm)  I  proved  that  the  absolute  values 
of  the  two  standards  had  remained  constant  within  the  errors  of 
observation,  as  the  following  numbers  show: 


Values  of  No.  93  at  ao°  C.  deduced  from  Comparisons  of  No.  aa  -\-  No.  «3 

with  the  Mercury  Standards. 

Date. 

11  +  III. 

I  +  III- 

III  +  IV. 

I  +  IV. 

I +  11. 

Nov.  1890 

■     •  • 

0.99989 
85 
89 

0.99990 
88 
88 
89 

0.99986 

■  «  •  • 

•  •  •  • 

•  •  • 

099988 

•  •  •  ■ 

•  •  •  • 

•  •  •  « 

•  •  m  a 

•  •  •  • 

O.99986 
89 

The  "  patent-nickel "  would  therefore  be  a  material  well  fitted 
for  resistance  coils. 

A  large  number  of  alloys  was  then  examined  by  Dr.  Feussner, 
consisting  of  nickel  and  copper  only.  An  alloy  containing 
about  equal  amounts  of  each  metal  was  found  to  have  an  ex- 
tremely small  temperature-coefficient.  Unfortunately,  however, 
the  thermo-electric  effect  of  these  alloys  against  copper  is  even 
higher  than  for  patent-nickel.  For  the  alloy  just  mentioned, 
called  "  constantan,"  it  amounts  to  nearly  forty  microvolts  per 
degree  centigrade,  considerably  surpassing  the  thermo-electro- 
motive  force  of  most  of  the  usual  thermo-junctions,  like  iron — 
german-silver,  for  instance.  A  drawback  is  however  its  high 
thermo-electromotive  force  against  copper. 

On  the  whole,  our  experience  has  led  us  to  the  conclusion 
that  for  standards  such  alloys  do  best  which,  besides  copper 
and  nickel,  also  contain  manganese.  Some  years  ago  Mr.  Weston, 
of  Newark,  N.  J.,  discovered  that  alloys  containing  manganese 
possess  a  very  small  temperature-coefficient,  and  that  it  is  even 
possible  to  obtain  metals  with  a  negative  temperature  coefficient  in 
this  way.  I  am  not  aware  how  far  this  discovery  has  been  prac- 
tically taken  advantage  of  in  this  country.  After  hearing  of  Mr. 
Weston's  observation,  the  further  investigation  of  manganese 
alloys  was  taken  up  at  the  Reichsanstalt,  and  we  obtained  very 
interesting  results. 

The  alloy,  which  is  now  being  regularly  manufactured  and 
brought  out  under  the  name  of  manganin,  consists  of  84  per 
cent,  of  copper,  12  per  cent,  of  manganese,  and  about  4  per  cent. 
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of  nickel.  As  the  observations  made  by  me  for  the  last  two 
years  in  the  Reichsanstalt  have  shown,  this  is  a  most  appropriate 
material  for  standard  resistances. 

The  general  character  of  the  resistance  variations  of  manganin 
with  temperature,  may  be  best  understood  from  the  diagram 
(Fig.  1),  in  which  temperatures  are  taken  for  abscissae,  and  the  re- 
sistances of  a  hundred-ohm  standard  are  plotted  as  ordinates.  In 
this  case  up  to  40°  C.  the  temperature  coefficient  is  positive,  the 
absolute  value,  however,  being  very  small,  as  the  table  of  the 
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Fig.  1. 


mean  linear  coefficients  between  the  temperatures  stated  in  the 
first  column  shows : — 


Range  of  Tern  erature 

Mean  L.ne.  r  T.  C. 

Kan .  e  of  Tt  mperature 

Mean  Linear  T.  C. 

io°  to  .o9 
.o    "    .o 

y>     '    35 
33    .     40 

40    "    45 

-  25  X  xo** 

-14      " 

■\   - 

-  x       •• 

45«  to  50° 

50   ;•  55 

55          60 

60    "   65 

—  i  X  ia« 

—  a      •* 
-4      " 
-5      " 

For  most  purposes,  the  variability  of  resistance  with  tempera* 
ture  may  now,  indeed,  be  quite  neglected.  As  a  matter  of  fact, 
very  elaborate  and  sensitive  methods  are  required  to  demonstrate 
the  existence  of  any  temperature  coefficient  at  all.     On  raising 
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the  temperature  beyond  50°  C.  the  resistance  attains  a  maximum, 
thence  to  diminish  again.  In  this  latter  part  of  the  curve  we 
therefore  actually  have  a  negative  temperature  coefficient. 

In  order  to  show  that  at  the  same  temperature  the  resistance 
always  returns  to  the  same  value — in  other  words,  that  there  is 
no  hysteresis  in  the  relation  between  those  two  quantities,  some 
points  of  the  curve  were  determined  with  temperatures  descend- 
ing from  70°  C,  whereas  others  were  obtained  with  ascending 
temperature.  This  process  was  repeated  several  times.  All 
points  are  extremely  close  to  the  same  continuous  curve,  and  it 
is  quite  obvious  that  this  curious  behavior  is  a  constant  physical 
quality  of  the  material.  Of  course  such  a  resistance  coil  must 
have  been  artificially  aged  before  the  beginning  of  the  observa- 
tions ;  it  was  indeed  heated  during  five  hours  at  a  temperature 
of  about  140°  C.  Otherwise,  as  I  mentioned  before,  a  progres- 
sive process  of  decrease  of  resistance  through  annealing  would 
superpose  upon  the  regular  variation  of  resistance  according  to 
the  curve.  It  is  true  that  this  maximum  resistance  point  does 
not  always  occur  at  exactly  the  same  temperature  for  different 
wires;  it  is  well  known  that  the  electrical  constants  of  all  resist- 
ance alloys  change  slightly  with  the  gauge  of  the  wire.  But  it 
is  also  true  that  the  maximum  resistance-point  of  manganin  of  a 
thicker  size — as  it  is  used  for  one  ohm  standards — occurs,  as  a 
rule,  at  about  30°  C,  and  so  at  ordinary  temperatures  the  tem- 
perature-coefficient is  even  less  than  for  this  particular  specimen 
of  wire. 

The  material  is  very  soft,  and  can  be  drawn  to  the  finest 
gauges ;  but  it  must  not  be  annealed  in  free  air,  because  the 
manganese  then  would  oxidize,  and  the  qualities  of  the  material 
would  be  altered.  Thus  it  is  not  possible  to  buy,  for  instance,  a 
wire,  say  1  mm.  thick,  and  to  draw  it  down  to  the  required 
gauge  without  taking  proper  precautions.  As  to  the  constancy 
of  manganin  resistances  I  will  qnote  a  few  figures.  These  figures 
refer  to  a  resistance  which  is  used  to  determine  the  electromotive 
force  of  the  standard  Clark  cells  with  the  6ilver-voltameter. 
Thus  very  often  (more  than  fifty  times)  a  current  of  about 
half  an  ampere  was  passed  through  it  for  one  hour  each  time. 
At  18°  C.  I  found  the  following  values : 
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Manganin. 


Date. 

1 
Resistance  in  Ohms. 

Date. 

Resistance  in  Ohms. 

April  15,  1890 

February  xa,  1891 . . . 

29998 

9 

July  aa,  1891 

a.9996 
98 
96 

Again,  in  the  following  table  are  stated  in  microhms  the  differ- 
ences in  the  resistance  of  four  manganin  standards  (No.  148  to 
No.  151)  of  one  ohm.  The  numbers  marked  *  were  observed 
by  Drs.  Kreichganer  and  Jager,  using  Kohlrausch's  differential 
galvanometer  method,  the  others  by  myself,  using  a  Wheat- 
stone's  bridge  arrangement. 




December,  1891.* 

February,  189a. 

July  189a  * 

July,  189a. 

No.  148-N0.  149. ... 

-No.  X50.. 

-No.  X51  .. 
No.  X49-N0.  150  ... 

-No.  151... 
No.  X50-N0.  X5X.... 

— tax  X  io-«  Ohms. 

—135 

—  80 

—  14 
+  5» 

— lai  X  xo-«  Ohms. 

—13s 

—  81.5 

—  14 

+  40 
+  54 

— 1x7  X  10*0  Ohms. 
— 129 

-  86 

—  xa 

I31 

4-  43 

■  •  •  • 

•  •  •  • 

•  •  •  • 

—  x6 

•  m  m   • 

+  48 



September,  189a. 

September,  189a.* 

No.  148-N0.  149.... 

-No.  X50.... 

-No.  X51... 
No.  149-No.  X50.... 

-No.  xsx..  . 
No.  150-N0.  151  .. 

•  •  •  • 

•  *  *  • 

—  19 

•  •  •  • 

•  •  •  • 

—  xxo 
—128 

—  90 

—  18 
-f-  ao 
+  38 

Measurements  were  also  made  of  these  standards  shortly  after 
their  construction  in  "July,  1891,  but  not  with  quite  the  same 
accuracy  as  the  later  ones.  Anyhow,  they  show,  in  connection 
with  numerous  comparisons  of  the  four  coils  with  other  stand- 
ards, which  were  checked  by  mercury  resistances,  that  the 
manganin  coils  were  constant  for  the  space  of  two  years  within 
a  few  thousandths  per  cent. 

For  uncovered  wires,  as  they  are  used,  for  instance,  in  bridges 
or  in  technical  resistances,  the  manganin  is  not  so  appropriate  as 
the  alloys  commonly  used,  because  it  would  oxydize  in  high  tem- 
peratures. For  all  other  resistances,  however,  1  think  it  is  the 
best  alloy  hitherto  known,  because  it  facilitates  the  electrical 
measurements,  and  brings  them  to  a  higher  degree  of  accuracy 
than  was  formerly  attainable. 

The  time  is  too  short  to  enter  into  the  mechanical  construction. 
Specimens  of  these  resistances  may  be  seen  in  the  exhibit  of  the 
Phyaikalische  Technische  Reichsanstalt. 
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Discussion. 

The  Chairman  : — We  are  now  ready,  gentlemen,  for  the  dis- 
cussion of  Dr.  Lindeck's  paper. 

Mr.  Edward  Weston,  of  Newark,  New  Jersey : — Mr.  Chair- 
man, I  have  listened  with  great  interest  to  Dr.  Lindeck's  paper, 
embodying  the  results  of  his  and  his  associates'  work  on  alloys 
practically  free  from  variation  in  resistance  by  changes  in  tem- 
perature, and  am  greatly  pleased  to  find  the  results  embodied  in 
such  form  as  will  tend  to  increase  the  confidence  of  electricians 
in  these  alloys,  and  which  will  doubtless  draw  their  attention 
more  closely  to  the  great  value  of  these  alloys  in  practical  and 
scientific  work. 

From  the  title  of  the  paper  many  may  be  led  to  infer  that 
prior  to  the  time  of  the  work  of  the  members  of  the  Reichs- 
anstalt  the  alloys  referred  to  by  Dr.  Lindeck  were  unknown. 
This  would  be  a  mistake.  The  discovery  of  alloys  having  a  nega- 
tive temperature  co-efficient,  and  also  alloys  having  practically 
no  temperature  co-efficient  and  possessing  the  extremely  valuable 
property  of  great  stability,  referred  to  by  Dr.  Lindeck,  must  be 
credited  to  America.  In  a  measure  Dr.  Lindeck  admits  this,  when 
he  refers  to  my  work  on  the  maganese  alloys,  but  as  he  does 
not  appear  to  be  aware  of  the  extent  of  my  work  on  alloys,  I 
deem  it  proper  and  just  therefore  to  reclaim  at  the  present  time 
the  discovery  of  the  properties  of  these  alloys,  and  to  bring  to 
the  attention  of  the  members  of  this  Congress  a  few  facts  con- 
cerning the  extent  of  my  work  in  this  direction.  You  are  all 
doubtlessly  familiar  with  the  classical  work  of  Dr.  Matthiessen 
on  the  subject  of  alloys  for  standards  of  resistance,  and  his  earn- 
est and  prolonged  search  for  metals  or  alloys  possessing  the 
greatest  permanence  and  least  temperature  co-efficient,  and,  con- 
sequently most  suitable  for  practical  units  of  resistance.  Amonp 
the  simple  metals  none  were  found  to  possess  the  necessarv  quali- 
ties, and,  as  the  result  of  thi6  work,  two  alloys  were  found  which 
appeared  to  possess,  in  a  higher  degree  than  any  of  the  other 
alloys  examined,  the  qualities  most  desirable  for  their  use  as 
standards  of  resistance,  namely,  a  platinum-silver  alloy ;  and  an 
alloy  of  copper,  nickel  and  zinc,  commonly  known  as  german 
silver.  From  the  time  of  Dr.  Matthies^en's  researches  in  the 
sixties,  up  to  a  few  years  ago,  these  two  alloys  were  practically 
the  only  ones  used  in  resistance  coils.  Dr.  Matthiessen  strongly 
recommended  the  platinum-silver  alloy  for  use  in  the  better  class 
of  standards,  on  account  of  its  lower  temperature  co-efficient  and 
higher  specific  resistance,  and  also  highly  recommended  the  use 
of  german-silver  on  account  of  its  low  cost  and  superiority  to  all 
other  alloys,  except  platinum-silver,  in  point  of  Iiigher  specific 
resistance  and  lower  temperature  co-effiicent.  Now,  as  a  matter 
of  fact,  Dr.  Matthiessen  was  in  error  in  regard  to  the  higher  spe- 
cific resistance  and  lower  temperature  co-efficient  of  platinum- 
silver  as  compared  with  german-silver  properly  prepared.     Ger- 
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man-silver  is  extensively  used  in  the  arts  for  the  manufacture  of 
hard  metal  table  ware,  and  other  purposes,  but  its  composition  is 
very  variable,  the  percentage  of   nickel  present  in   the  lower 

Sades  varying  greatly.  I  Know  of  no  german-silver  being  on 
e  market  as  early  as  1883  which  contained  more  than  18  per 
cent,  of  nickel,  and  the  bulk  of  the  german-silver  used  in  the 
arte  at  that  time  did  not  contain  more  than  about  14  per  cent,  of 
nickel.  From  experiments  made  as  early  as  1883,  I  found  that 
the  electrical  properties  of  german-silver  were  greatly  affected 
by  the  amount  of  nickel  present  in  the  alloy,  and  made  alloys  of 
copper,  nickel  and  zinc,  which  contained  nearly  double  the 
amount  of  nickel  commonly  found  in  german-silver  as  found  in 
the  market.  From  these  researches  I  established  the  fact  that 
the  specific  resistance  of  german-silver  increased  as  the  percent- 
age of  nickel  increased,  and  that  the  temperature  co-efficient  was 
greatly  reduced  by  the  use  of  a  larger  percentage  of  nickel  in  the 
alloy  than  was  commonly  used.  In  this  way  I  succeeded  in  pro- 
ducing a  german-silver  nearly  twice  the  specific  resistance  of 
Matthiessen's  german-silver,  and  of  a  much  higher  specific  resistance 
than  platinum-silver,  and  having  about  the  temperature  co-effici- 
ent oi  the  latter-named  alloy.  In  May  of  1886,  Mr.  J.  T.  Bot- 
tomley  presented  a  paper  to  the  Royal  Society  of  London,  en- 
titled, "On  the  Electrical  Resistance  of  a  New  Alloy  named 
Platinoid."  On  reading  this  paper  I  was  greatly  impressed  with 
the  peculiar  manner  oi  making  the  comparison  between  the 
electrical  properties  of  this  alloy  and  german-silver.  The  state- 
ments made  by  Mr.  Bottomley  in  the  paper  referred  to,  induced 
me  to  again  examine,  with  greater  care,  the  electrical  properties 
of  german-silver.  I  made  a  large  number  of  alloys  containing 
copper,  nickel  and  zinc  in  different  portions.  I  also  made  a 
series  of  alloys,  in  which  the  amount  of  copper  and  zinc  was 
kept  constant,  but  in  which  the  amount  of  nickel  varied  from  12 
to  34  per  cent.  The  resistance  and  temperature  co-efficients  of 
these  alloys,  and  a  large  number  of  other  alloys  containing  the 
same  elements  in  different  proportions,  were  determined.  Tung- 
sten in  the  form  of  phosphide  was  added  to  some  of  the  alloys,, 
and  metallic  tungsten  to .  others,  and  as  the  result  of  this  work 
we  found  that  the  so-called  "  platinoid  "  differed  in  no  respect 
in  its  electrical  and  chemical  properties  from  the  simple  copper- 
nickel-zinc  alloy,  having  the  same  percentage  of  nickel.  In  other 
words,  "  platinoid  "  was  simply  a  fairly  good  grade  of  german- 
silver. 

The  results  of  these  later,  and  more  carefully  conducted  re- 
searches, confirmed  my  previous  work,  and  led  me  to  the  con- 
clusion that  in  german-silver  alloys  the  effect  of  an  increase  in 
the  percentage  of  nickel  present,  was  to  increase  the  specific 
resistance  of  the  alloy  in  approximately  direct  proportion  to  the 
increased  percentage  of  nickel,  and,  what  was  still  more  import- 
ant, that  tne  temperature  co-efficient  diminished  in  nearly  direct 
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proportion  (in  these  copper-nickel-zinc  alloys)  to  the  increase  in 
specific  resistance.  Some  of  the  results  of  some  of  these  later 
researches  were  described,  with  more  or  less  exactness,  by  one  of 
my  assistants,  Mr.  George  B.  Prescott,  Jr.,  in  an  article  written 
by  him  and  published  in  an  American  Journal,  The  Electrician 
and  Electrical  Engineer,  of  April,  1886  (Vol.  V,  pp.  126-128.) 
I  would  like  it  understood  that  I  took  no  part  in  the  writing  of 
the  article  referred  to.  Mr.  Prescott  simply  asked  my  permis- 
sion to  publish  such  facts  concerning  the  results  of  the  investiga- 
tions on  the  copper-nickel-zinc  alloys,  as  would  be  of  some 
service  to  electricians  and  electrical  engineers,  in  determining  the 
kind  of  german-silver  best  adopted  for  their  various  wants.  I 
particularly  cautioned  him  to  say  nothing  concerning  my  researches 
on  a  large  number  of  other  alloys,  which  researches  had  been  in 
progress  for  a  long  time. 

In  the  latter  part  of  the  year  1884  I  began  a  very  extensive 
series  of  experiments  on  alloys,  for  the  express  purpose  of  finding, 
if  possible,  an  alloy  more  suitable  for  resistance  coils  than  either 
german-silver  or  platinum-silver.  The  three  qualities  needed 
were  higher  specific  resistance,  practical  freedom  from  variation 
in  resistance  by  reasonable  variations  in  temperature,  and  greater 
permanency.  Some  800  to  400  different  alloys  were  made ;  in 
these,  most  of  the  more  common  metals  and  many  of  the 
rarer  ones  were  employed.  The  investigation  covered  binary, 
ternary,  and  occasionally  quaternary  alloys,  of  the  more  common 
metals.  It  included  alloys  of  copper  and  cobalt,  copper  and 
silver,  copper  and  iron,  copper  and  manganese,  and  nickel-copper 
manganese  and  cobalt,  etc.  Quite  a  large  number  of  alloys  were 
also  made  by  combining  the  rarer  metals  with  the  more  common 
ones.  In  these  latter  named  alloys  no  new  phenomena  of  inter- 
est to  the  electrician  were  observed ;  but  with  the  nickel-copper, 
manganese-copper  and  nickel,  some  very  interesting  results  were 
obtained,  and,  for  the  first  time,  alloys  were  found  which  had 
practically  no  temperature  error,  which  were  of  extremely  high 
specific  resistance,  and  very  permanent.  But  another  most 
singular  fact  was  observed,  namely,  that  it  was  possible  to  secure 
alloys  with  a  negative  temperature  co-efficient,  or  in  other  words, 
an  alloy  which  was  affected  by  changes  in  temperature,  in  direc- 
tion just  the  reverse  of  all  previously  known  metals  or  alloys. 
That  is,  the  resistance  decreased  as  the  temperature  increased. 
The  decrease  in  resistance  with  increase  in  temperature  was,  how- 
ever, very  small ;  but  it  was  sufficiently  marked  to  be  easily 
observable  and  of  practical  utility,  by  combining  such  an  alloy 
with  another  having  a  positive  co-efficient,  and  so  neutralizing 
absolutely  the  effect  of  changing  resistance  in  one  alloy,  in  one 
direction,  by  an  equal  and  opposite  change  of  another  alloy.  I 
never  found  time  to  publisn  the  results  of  'these  researches, 
further  than  is  found  in  the  specifications  of  the  United  States 
patents,  issued  to  me  several  years  thereafter.     These  patent 
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specifications  disclose  for  the  first  time  alloys  with  negligible 
temperature  co-efficient,  and  alloys  having  a  negative  co-emcient. 
Bat  if  anyone  reads  these  patents,  it  must  not  be  assumed  that 
the  body  of  the  specifications  describes  and  deals  with  all  the 
alloys  made  and  investigated.  It  is  a  wise  provision  of  the 
American  patent  system,  which  simply  makes  it  necessary  for 
the  inventor  or  discoverer  to  describe  only  one  means  of  carrying 
his  discovery  or  invention  into  practical  effect,  and  at  the  same 
time  permits  him  to  draw  such  claims  as  will  protect  him  in  the 
use  of  his  discovery  or  invention,  when  other  and  similar  means 
are  employed  of  accomplishing  substantially  the  same  result. 

At  the  time  the  specifications  referred  to  were  written,  I  had 
discovered  the  many  excellent  electrical  qualities  of  the  nickel- 
copper  alloys,  and  was  quite  familiar  with  the  influence  of  zinc 
in  affecting  the  permanency  of  alloys.  I  had  used  various  per- 
centages of  nickel  and  copper  in  the  nickel-copper  alloys,  and  was 
qnite  as  familiar  with  the  influence  of  an  increase  in  the  amount  of 
nickel  in  these  alloys,  as  I  was  with  its  influence  in  the  copper- 
nickel-zinc  allovs.  i  will  state,  however,  that  we  found  it  extremely 
difficult  to  work  copper-nickel  alloys  in  which  nickel  was  present, 
in  amount  exceeding  35  per  cent.,  and  this  seemed  to  be  a  great 
drawback  to  the  copper-nickel  alloys,  which  were  very  rich  in 
nickel.  They  appeared  to  be  preferable  to  the  manganese-copper, 
manganese-copper-nickel,  the  ferro-manganese-copper  and  the 
ferro-manganese-copper-nickel  alloy  in  regard  to  their  power  to 
resist  oxidation  in  the  air.  But  we  could  secure  a  higher  specific 
resistance,  with  the  manganese  alloys  than  we  could  with  the 
copper-nickel  alloys.  The  objection  to  the  use  of  the  copper- 
nickel  allovs  on  account  of  their  high  thermo-electric  power,  is 
in  my  opinion,  of  little  account;  since  the  thermo-electric 
effects  of  such  alloys,  when  used  in  standard  resistances,  can 
easily  be  eliminated  in  the  majority  of  cases,  by  using  the  same 
alloys  as  terminals  and  conductors.  The  nickel-copper  alloys 
also  possess  the  advantage  of  being  more  easily  made  of  constant 
composition,  than  the  copper-nickel-zinc  alloys,  and  unless  great 
care  is  exercised  in  the  preparation  of  the  copper-manganese  or 
copper-manganese-nickel  alloys,  it  will  be  found  more  difficult  to 
prepare  these  alloys  of  constant  composition  than  the  simple 
copper-nickel  alloys.  The  copper-nickel  alloys  can  also  be  made 
of  much  higher  specific  resistance,  and  with  a  vastly  lower  tem- 
perature co-efficient,  than  the  very  best  german-silver  that  can 
be  made.  Moreover,  the  copper-nickel  alloys  are  much  more 
stable  than  the  german-silver  alloys.  German-silver  is  a  very 
treacherous  alloy  to  use,  even  in  common  resistance  coils.  Many 
years  ago  I  noticed  a  marked  deterioration  in  the  German-silver 
wire  used  in  ordinary  regulating  rheostats  used  with  dynamos. 
The  german-silver  wire  used  was  of  good  quality,  but  after  a 
few  years  use  it  became  so  fragile  as  to  be  incapable  of  with- 
standing the  slight  strain  necessary  to  keep  the  spirals  separate, 
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and  became  so  brittle  as  to  snap  like  a  piece  of  glass.  Longer 
use  resulted  in  the  wire  becoming  so  fragile  as  to  be  easily 
crumbled  with  slight  pressure  between  the  fingers.  I  am  in- 
clined to  believe,  however,  that  this  deterioration  is  the  result  of 
some  action  bv  the  current ;  but  further  investigation  is  needed 
to  confirm  this  opinion.  My  own  confirmations  fully  confirm 
Dr.  Lindeck's  remarks  concerning  the  unreliability  of  german- 
silver  as  a  material  for  standard  resistances.  Prior  to  the  publi- 
cation by  Mr.  G.  B.  Prescott,  Jr.,  of  some  of  the  results  of  my 
investigations  of  the  electrical  properties  of  german-silver,  I 
believe  that  Matthiessen's  value  for  the  resistance  and  temperature 
co-efficient  of  german-silver  was  generally  accepted  and  used  by 
electricians,  and  I  think  it  likely  that  many  electricians  still 
employ  Matthiessen's  values.  For  I  notice  that  the  values  found 
by  Matthiessen  are  still  given  as  the  correct  ones  in  the  text 
books  I  have  examined,  and,  so  far  as  I  know,  only  one  author 
refers  to  my  work,  and  states  the  fact  that  the  resistance  of  ger- 
man-silver is  depending  upon  its  composition  ;  and  not  one  mat 
I  know  of  has  given  any  other  value  for  the  temperature  co- 
efficient of  german-silver,  except  the  value  given  bv  Matthiessen. 
Stewart  &  Gee,  for  example,  give  the  resistance  of  a  centimetre 
cube  of  german-silver  as  21.17  microhms  at  0°  C,  and  the  resist- 
ance of  a  similar  cube  of  copper  at  1.616.  That  is,  the  resistance 
of  german-silver  is  nearly  13  times  that  of  copper.  The  tem- 
perature co-efficient  given  for  this  german-silver  is  that  given 
oy  Matthiessen,  namely,  .0004433  per  degree  centigrade.  -Now, 
as  a  matter  of  fact,  I  found  copper-nickel-zinc  alloys  (german- 
silver)  which  had  a  resistance  nearly  28  times  that  of  copper,  and 
a  temperature  co-efficient  of  about  one-half  that  given  by 
Matthiessen.  I  think  I  have  said  enough  about  the  electrical 
properties  of  german-silver  to  make  it  clear  that  it  is  necessary 
to  discard  the  values  given  by  Matthiessen,  and  to  assume  no 
value  for  any  giveu  sample  of  german-silver,  but  to  determine  it 
for  each  case,  or  else  to  draw  curves  based  upon  the  results  of 
my  experiments,  showing  the  influence  of  variation  in  composi- 
tion of  the  alloy  on  its  resistance  and  temperature  co-efficient. 

In  the  nickel-copper  alloys,  as  in  german-silver,  I  found  that 
the  resistance  increased  with  an  increased  percentage  of  nickel, 
and  that  the  temperature-coefficient  became  less  as  the  specific 
resistance  increased.  In  fact,  I  found  this  latter  statement  to  be 
generally  true  of  all  alloys.  In  some  of  them  the  temperature 
co-efficient  became  so  extremely  small  as  to  be  absolutely  neglig- 
ible, even  in  very  close  work,  and  tended  to  assume  a  very  small 
negative  value.  Of  all  the  alloys  tested  I  found  none  which  gave 
such  extremely  high  resistance  as  those  which  contained  manga- 
nese in  combination  with  copper  or  iron,  or  manganese,  copper 
and  nickel.  Indeed,  I  found  it  quite  possible  to  make  alloys 
with  these  metals,  which  had  a  resistance  nearly  50  times  that  of 
copper,  or  about  four  times  that  of  Matthiessen's  german-silver, 
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and  about  double  the  resistance  of  the  best  copper-nickel-zinc 
alloys  I  was  able  to  prepare. 

In  general,  my  determinations  of  temperature  co-efficient  of 
these  alloys  agree  very  well  with  the  results  given  by  Dr.  Lindcck, 
but  after  I  succeeded  in  securing  alloys  having  the  properties  I 
needed,  and  publishing  the  fact  of  the  existence  of  such  alloys  in 
the  specifications  of  the  patents,  I  felt  that  I  had  spent  all  the 
time  I  could  on  this  laborious  and  lone  continued  line  of  experi- 
ments, and  did  not  publish  in  detail  the  full  results  of  all  the 
work  done  on  them.  I  believe  such  facts  as  were  set  forth  in 
the  patents  constituted  a  substantial  contribution  to  the  art  of 
electrical  measurement,  and  I  fully  expected  that  others  would 
pursue  the  line  of  work  disclosed.  It  affords  me  great  pleasure 
to  have  Drs.  Feussner  and  Iindeck  confirm  the  substantial  cor- 
rectness of  the  work  done,  and  still  greater  pleasure  to  find  such 
able  and  careful  investigators  reach  the  same  conclusions  as  I  did 
in  regard  to  the  value  of  these  alloys  with  practically  no  tempera- 
ture co-efficient. 

In  connection  with  this  matter  I  may  say,  that  I  made  no  effort 
to  keep  the  results  of  my  work  on  alloys  secret  after  the  applica- 
tions for  the  patents.  Indeed,  I  informed  my  friend,  Prof.  H. 
A.  Rowland,  of  the  results  of  the  work  in  1886  and  1887.  I  also 
remember  very  well  reading  an  account  of  a  lecture  by  Prof. 
Geo.  Forbes,  in  which  he  referred  to  the  fact  that  the  only  real 
distinction  existing  between  metals  and  non-metals,  was  based 
upon  physical  reasons,  and  that  was  the  property  of  all  metals  of 
increasing  in  resistance  with  rise  in  temperature ;  whereas,  all 
non-metals  had  the  opposite  properties.  Shortly  after  the  de- 
livery of  this  lecture  Prof.  Forbes  visited  America,  and  I  told 
him  that  the  difference  he  supposed  to  exist  at  the  time  of  the 
delivery  of  his  lecture  did  not  m  fact  exist,  but  that  there  were 
metals,  or,  more  properly  speaking,  alloys,  which  had  the  same 
properties  as  the  non-metals,  namely,  that  of  showing  a  decrease 
in  resistance  with  rise  in  temperature,  thus  again  removing  the 
last  vestige  of  a  line  of  demarcation  between  metals  and  non- 
metals.  The  original  applications  for  the  patents  covering  these 
alloys  were  sworn  to  on  the  2nd  day  of  October,  1885,  and  the 
applications  were  duly  filed  in  the  United  States  Patent  Office 
on  October  13th  of  the  same  year.  The  patents  were  not  issued, 
however,  until  April  17th,  1888,  and  were  re-issued  shortly  there- 
after. The  re-issued  patents  are  dated  July  17th,  1888,  and  num- 
bered 10,944  and  10,945. 

The  claims  of  these  patents  fully  cover  such  alloys  as  are  re- 
ferred to  by  Dr.  Lindeck." 

Prof.  Lanolbt  : — I  should  like  to  ask  Dr.  Lindeck  what  is 
the  safe  temperature,  the  limit  at  which  the  manganese  does  not 
oxidize  ? 

Dr.  Lindeck  : — It  is  one  centigrade. 

Prof.  S.  P.  Thompson  : — I  will  say  I  do  not  in  the  least  doubt 
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the  good  work  that  has  been  done  by  Dr.  Lindeck  in  the  produc- 
tion and  testing  of  these  manganese  alloys,  but  I  have  my  mis- 
givings as  to  whether  or  not  a  manganese  alloy  will  really  be 
satisfactory,  for  the  reason  that  Dr.  Lindeck  has  explained  that 
the  manganese  constituents  cannot  be  relied  upon  if  by  any 
momentary  action  the  wire  is  hot.  I  have  seen  some  resistances 
that,  if  carefully  prepared,  would  render  manganese  entirely  use- 
less. Another  point,  I  found  that  any  alloy  containing  the 
metal  zinc  is  absolutely  unreliable.  Brass  wires  are  unreliable ; 
zinc  seems  to  have  the  curious  faculty  of  getting  through  metals 
in  a  strange  way.  I  will  illustrate  :  If  you  take  a  copper  wire 
and  dip  it  in  a  zinc  bath  and  plate  it  with  a  thin  coat  ox  zinc  it 
looks  like  zinc,  and  when  you  put  it  in  the  open  air  the  zinc 
seems  to  disappear,  it  looks  like  brass  and  then  like  copper.  The 
zinc  has  penetrated  the  wire.  It  is  clearly  a  metal  that  cannot 
be  relied  upon.  Of  course,  if  we  are  going  to  use  standards  by 
not  using  tnem  and  say  we  are  going  to  brick  them  up  in  a  wail 
and  preserve  them  for  a  century,  manganese  will  do  to  look  at. 

Mr.  Weston  : — I  could  hardly  agree  with  Dr.  Thompson  in 
regard  to  the  necessity  of  standing  a  temperature ;  in  the  use  of 
manganese  great  care  should  be  taken,  they  should  not  be  allowed 
to  get  very  not.  What  would  become  of  a  mercury  standard  if 
it  was  raised  to  that  temperature  'i 

Dr.  Lindeck  : — I  agree  with  Professor  Thompson,  and  I  will 
say  that  manganese  is  of  no  use  if  there  should  be  a  large 
amount  of  current  passing.  I  said  so  in  my  paper,  what  I  said 
about  manganese  was  only  about  standard  resistance,  and  I  agree 
with  Mr.  Weston  that  standard  resistance  must  be  carefully 
handled.  You  must  avoid  the  passing  of  too  large  a  current 
through  it,  and  see  that  it  is  not  heated  to  a  considerable  amount. 
The  resistance  suggested  by  Dr.  Feussner  is  very  well  protected 
against  chemical  action,  and  if  anybody  is  interested,  he  can  have 
an  opportunity  of  seeing  this  resistance  in  the  German  Section  in 
the  Electricity  Building. 

The  Chairman  : — There  is  a  second  paper  close  at  hand  upon 
the  programme  upon  a  subject  quite  closely  allied  to  this,  and  I 
am  going  to  ask  Mr.  Kennelly  to  read  his  paper. 

Mr.  A.  E.  Kennelly  then  read  the  following  paper : 


SOME  MEASUREMENTS  OF  THE  TEMPERATURE 
VARIATION  IN  THE  ELECTRICAL  RESISTANCE 
OF  A  SAMPLE  OF  COPPER. 


BY   A.    E.    KENNELLY    AND    REGINALD    A.    FES8ENDEN. 


Precision  in  the  determination  of  the  temperature  variation  of 
resistance  in  copper  is  important  not  only  to  electrical  science, 
but  also  to  its  applications.  Our  estimate  of  the  temperature  of 
remote  or  inaccessible  positions,  as,  for  example,  the  ocean  bed 
on  which  a  submarine  cable  lies  stretched,  or  the  interior  layers 
of  a  dynamo  armature  winding  are  often  directly  dependent  for 
their  accuracy  upon  the  completeness  of  our  knowledge  of  this 
temperature  coefficient. 

Electrical  text-books,  in  stating  the  temperature  coefficients  of 
copper,  usually  quote  the  results  of  Dr.  Matthiessen,  or  of  Dr. 
Siemens,  or  both. 

The  results  of  these  two  authorities  are  discordant. 

Within  the  range  of  chamber  temperatures,  say  from  0°  C.  to 
35°  C,  the  difference  between  is  practically  of  little  importance* 
Taking,  however,  the  resistivity  of  copper  at  zero  as  unity,  its 
resistivity  at  100°  C.  is  1.422  by  Matthiessen's  observations,  and 
1.388  by  those  of  Siemens,  a  variation  of  nearly  2£  per  cent., 
while  above  100°  C.  or  below  0°  C,  this  discrepancy  increases 
rapidly. 

First  in  order  of  date  are  the  elaborate  researches  of 
Matthiessen  (and  of  his  collaborator  Yon  Bose),  appearing  in 
the  Phil.  Magazine  for  February,  1857,  and  February,  1861r 
also  in  the  Phil.  Transactions  for  1858,  1860,  1862  and  1864r 
the  most  important  series  from  our  present  standpoint  being- 
those  for  1862.     The  wires  tested  were  varnished  with  shellac  > 
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and  immersed  in  a  bath  of  oil  whose  temperature  was  raised 
by  the  application  of  Bunsen  burners,  and  read  off  by  an  im- 
mersed thermometer.  Headings  were  taken  both  in  ascend- 
ing and  descending  series  of  temperatures,  and  observations  are 
adduced  in  support  of  the  statements  that  the  application  of 
varnish  did  not  affect  the  results,  and  that  the  observations  on  a 
wire  heated  in  a  bath  of  oil  were  sensibly  the  same  as  when  the 
heating  took  place  in  air.  Matthiessen  took  six  copper  wires,  all 
from  the  same  electrolvtic  source,  three  annealed  and  three  hard- 
drawn.  Six  observations  are  given  of  the  resistances  of  each 
between  0°  and  100°  C.  Having  ascertained  that  all  36  observa- 
tions accorded  very  fairly  with  a  parabolic  relation  between  con- 
ductivity and  temperature,  the  parabola  of  closest  conformity 
computed  by  the  method  of  least  squares  was 

I  =  i  _  a  t  +  p  f  (1) 

or  numerically   . 

i  =  1  —  0.0038701  t  +  0.000009009  f  (2) 

>l  being  the  conductivity  at  temperature  t°  C. 

From  this  equation,  the  resistivity  p  (the  reciprocal  of  i),  re- 
taining the  terms  necessary  for  accuracy  in  the  fifth  digit  at  the 
limit  of  100°  C.  becomes 

p  =  1  +  at +  #{<?—$)  +  f  (of  —  2  a  fi)  +  *4  (a4  —3  a?  $ 
+  fF)  +  f  (a5  —  4  a8  /3  +  3  a  f)  +  .... 

or  p  =  1  +  3.8701  t   X  10-*  +  5.968  #   X  M)-6  —  1.177  f 
x  io-3  _  9  93  p  x  10-n  _  2.79  f  x  io-»  +  . . . . 

For  t  =  100,  p  =  1.4222. 

The  graph  of  this  equation,  taking  values  of  p  as  vertical  ordi- 
nates  from  a  horizontal  axis  of  temperatures  as  abscissas,  yields 
a  curve  bending  upwards,  so  that  the  temperature  variation  in- 
creases with  the  temperature,  the  increase  in  resistance  per  de- 
gree Centigrade  being  at  0°  C,  0.387  per  cent.,  and  at  100°  C. 
0.50  per  cent,  of  the  resistivity  at  zero  C.  Matthiessen  points 
out  that  this  bending  upwards  of  the  curve  is  distinctly  indicated 
by  his  results,  and  that  no  straight  line  can  represent  them.  Not 
only  the  36  observations  on  copper  wires,  but  more  than  200 
quoted  observations  on  other  metals,  all  point  to  a  temperature 
coefficient  augmenting  with  temperature  and  negative  the  sup- 
position of  a  simple  linear  relationship  between  the  variables. , 

Dr.  Siemens'  researches  formed  the  subject  of  his  Bakerian 
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lecture  in  1871.  They  were  undertaken  with  the  object  of  ob- 
taining a  practically  reliable  scale  for  the  electric  pyrometer 
which  bears  his  name,  rather  than  for  the  direct  purposes  of 
scientific  research.  After  pointing  out  that  Matthiessen's  for- 
mula can,  on  its  own  evidence,  be  only  fairly  applicable  between 
the  limits  of  0°  and  100°  C,  Dr.  Siemens  proceeds  to  advance 
some  interesting,  although  arbitrary,  hypotheses  for  the  law  of 
temperature  variation  in  metallic  resistances,  and  then  shows  that 
his  experimental  observations  on  copper  and  four  other  metals 
are  capable  of  close  representation  by  the  empirical  formula  so 
obtained.  These  observations  were  made  on  wires  heated  in  air, 
and  also  in  oil,  up  to  350°  C.  with  mercury  thermometers,  and  in 
one  series  up  to  850°  C.  with  a  platinum  ball  thermometer  pyro- 
meter, an  instrument  whose  indications  assumed  a  constant 
specific  heat  in  the  platinum  ball  throughout  the  range  of  tem- 
perature employed. 

Dr.  Siemens'  formula  for  copper  is 

p  =  0.026577  i/T+  0.0031443  T—  0.29751 
For  0°  C.  or  T  =  273,  p  =  1 

where  p  is  the  ratio  of  the  resistivity  at  any  absolute  tempera- 
ture r,  to  that  at  zero  Centigrade,  or  T  =  273.  For  100°  C.x 
or  T  =  373,  p  =  1.3886,  and  the  rate  of  increase  of  resistivity 
is  at  0°  C,  0.394  per  cent,,  and  at  100°  C,  0.383  per  cent,  of  the 
resistivity  at  0°  C.  The  graph  of  the  equation  is  a  curve  bend- 
ing slowly  downwards  towards  the  axis  of  temperatures,  and  the 
temperature  variation  diminishes  as  the  temperature  rises.  All 
the  170  observations  recorded  in  the  paper  indicate  that  the 
curve  bends  downwards,  while  all  the  250  observations  in  Mat- 
thiessen's 1862  paper  make  the  curve  bend  upwards.  The  dis- 
crepancy between  these  two  series  of  results  becomes  very  notice- 
able between  70°  and  100°  C. 

Professors  Dewar  and  Fleming  have  published  in  the  Phil. 
Mag.  for  October,  1892,  a  number  of  observations  on  the  resist- 
ivity of  metals  and  alloys  at  temperatures  between  —  200°  C. 
and  -|-  100°  C,  one  series  for  copper  being  included.  The 
resistivity  of  the  copper  wire  is  stated  to  have  been  1353  c.  g.  s. 
units  at  0.7°  C,  equivalent  to  1349  at  0°  C,  and  since  Matthies- 
sen's  standard  is  1594  at  0°  C,  this  represents  a  conductivity  18 
per  cent,  higher  than  Matthiessen's  standard.  Aside,  however, 
from  this  remarkable  and  perhaps  debatable  statement,  the  graph 
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of  the  observed  values  of  resistance  with  respect  to  temperature 
is  very  nearly  a  straight  line  throughout  the  whole  range,  the 
resistivity  at  100°  C.  being  1.424  times  greater  than  that  at  0°  C, 
and  the  temperature  co-efficient  being  approximately  0.424  per 
cent,  per  degree  Centigrade  for  all  temperatures  between  —  200 
and  +  100°  C. 

Between  0°  and  +  93°  C.  their  results  give  pt  =  p0  (1  -f-  0.004235  f). 
Between 0° and— 197° C.    "         "         "  pL  =  p0(l  +  0.004406*). 

Messrs.  Cailletet  and  Bouty,  in  the  Compter  Hendus  for  1885, 
give  an  observed  temperature  co-efficient  for  copper  of  0.418  per 
cent,  per  degree  C.  expressed  by  pt  =  pQ  (1  -f-  0.00418  <),  be- 
tween zero  and  —  58Q  C,  and  0.425  per  cent,  from  —  69°  to 
—  123°  C. 

In  Poggendorffs  Annalen  for  June,  1858,  Herr  Arndtsen  quotes 
a  uniform  temperature  co-efficient  of  0.369  per  cent,  per  degree 
from  zero  to  200°  C.  He  gives,  however,  one  series  of  observed 
resistances  with  a  copper  wire  (containing  0.1  per  cent,  of  iron) 
between  0°  and  100°  C,  showing  a  linear  relation,  or  a  tempera- 
ture co-efficient  of  0.394  per  cent,  per  degree  C.  pt  =  p0  (1  + 
0.00394  t\  and  he  points  out  that  the  divergences  from  the 
straight  line  are  within  the  limits  of  the  observation  error. 

In  view  of  the  discrepancies  existing  between  these  best  known 
measurements  of  the  temperature  co-efficient  of  copper,  Arndtsen, 
Cailletet  and  Bouty  giving  results  practically  represented  by 
straight  lines,  Siemens'  results  with  the  line  bending  distinctly 
downwards,  and  Matthiessen's  results  with  the  line  bending  as 
distinctly  upwards,  the  writers  of  this  paper  made  a  number  of 
measurements  in  the  Spring  of  1890  upon  a  sample  of  copper 
wire.  These  measurements  were  made  with  great  care,  and 
repeated  until  similar  results  were  obtained  in  successive  series. 
The  wire  tested  was  sealed  within  the  bulb  of  an  air  thermometer, 
so  that  there  could  be  no  appreciable  variation  between  the  tem- 
perature of  the  wire  itself  and  the  temperature  indicated  by  the 
pressure  of  the  air  in  the  bulb  it  occupied.  The  final  results 
after  full  corrections  for  expansion  of  the  bulb,  etc.,  indicated  a 
linear  relation  between  the  resistance  and  temperature  of  the 
wire  between  the  limits  of  20°  C.  and  250°  C.  represented  by 
the  equation  pt  =  p0  (I  +  0.00406  t\  indicating  a  uniform  tem- 
perature co-efficient  of  0.400  per  cent,  per  degree  Centigrade 
throughout  that  range,  the  maximum  observed  being  0.4097  per 
cent,  and  the  minimum  0.399  per  cent,  at  any  point.   The  details 
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of  these  measurements  are  here  submitted  in  the  form  of  an 
appendix,  not  only  in  support  of  the  statements  made  concerning 
them,  but  also  because  the  experimental  arrangements  of  ap- 
paratus, finally  successful,  were  the  outcome  of  a  series  of  experi- 
mental failures,  and  it  is  believed  that  the  details  of  construction 
may  be  of  service  to  those  who  desire  to  adopt  the  same  method 
of  measurement. 

Concerning  the  conclusions  that  may  be  drawn,  we  feel  only 
justified  in  saying  that  copper  can  be  found  in  which  a 
linear  relationship  holds  between  resistance  and  temperature 
between  20°  C.  and  250°  C,  and  within  the  range  of  small 
observation  errors.  It  is  of  course  possible  that  in  different 
samples  of  wire,  the  temperature  coefficient  may  increase  or 
diminish  with  the  temperature,  in  other  words  the  second  differ- 
ential coefficient  of  resistance  with  respect  to  temperature  may 
perhaps  in  some  samples  be  either  positive  or  negative,  but  it 
seems  desirable  that  fresh  measurements  should  be  made,  and 
evidence  collected  to  settle  this  point,  and  we  submit  the  view 
that  the  best  experimental  means  of  measuring  the  temperature, 
and  to  ensure  the  coincidence  between  the  measured  temperature 
and  that  of  the  tested  wire,  is  to  enclose  the  latter  in  the  bulb  of 
an  air  thermometer  in  the  manner  here  described. 

NOTK  ON  THK  TEMPERATURE  OF  LOWEST  VlSIBLE  RED  HeAT. 

A  few  measurements  were  made  of  the  resistance  of  copper 
wires  enclosed  in  exhausted  glass  tubes  and  gradually  raised  to 
just  visible  red  heat  by  gradually  increasing  the  current  strength 
through  them.  The  tubes  were  30  cms.  long,  and  2  cms.  exter- 
nal, 1.8  cms.  internal  diameter.  Two  platinum  wires  were  sealed 
into  the  glass  at  each  end  and  connected  with  the  copper  wire, 
one  to  carry  the  heating  current,  and  the  other  to  act  as  "  pres- 
sure wire "  in  order  to  eliminate  the  resistance  of  the  first,  or 
platinum  electrode.  The  copper  wire  stretched  along  the  axis 
of  the  exhausted  tube  was  30.4  cms.  long  and  0.0015  in.  (0.0038 
cm.)  in  diameter. 

Measuring  the  resistance  of  these  wires  at  normal  temperature 
with  a  very  feeble  current,  they  were  *then  raised  to  redness  and 
their  resistance  observed  under  that  condition  in  a  darkened 
room. 

Reckoning  back  with  the  linear  temperature  coefficient  of 
0.00406  from  the  normal  temperature  to  zero  Centigrade,  the 
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resistance  of  the  wire  was  found  to  be  three  times  that  at  zero 
when  visible  luminosity  was  just  attained,  the  mean  calculated 
ratio  being  in  fact  3.001.  If  the  same  linear  temperature  coeffi- 
cient be  assumed  throughout  that  whole  range,  the  corresponding 
temperature  of  lowest  visible  luminosity  becomes  493°  C.  in  this 
instance. 

The  method  is  very  sensitive  in  application,  and  repeated  trials 
with  the  same  wire  and  same  observer  wonld  usually  fall  within 
two  degrees  Centigrade  by  resistance  valuation.  There  was, 
however,  a  systematic  variation  between  the  observations  when 
the  observers  were  exchanged,  amounting  to  about  three  degrees 
Centigrade,  and  since  the  criterion  of  appreciable  visibility  is 
merely  physiological,  it  is  perhaps  impossible  to  accurately  define 
it.  From  the  sensations  experienced  in  observing,  it  might  be 
supposed  that  habit  or  physical  condition  might  appreciably 
influence  the  range  of  visual  appreciation,  after  the  manner  of  a 
personal  equation. 

In  conclusion,  we  desire  to  express  our  acknowledgements  to 
Mr.  Thomas  A.  Edison,  in  whose  laboratory  the  above  research 
was  conducted. 


APPENDIX. 


IsT. — General  Outline  of  Apparatus. 

Within  the  cylindrical  glass  tube  of  an  air-thermometer  was 
enclosed  about  240  cms.  of  fine  copper  wire.  Short  platinum 
wires,  sealed  into  the  glass  bulb  brought  this  copper  wire  into 
communication,  with  apparatus  for  measuring  its  resistance. 
The  bulb  rested  in  an  oil  bath  heated  electrically,  and  the  height 
of  a  mercury  column  required  to  balance  the  pressure  of  the 
internal  air,  was  measured  by  a  cathetometer,  at  the  moment  that 
the  resistance  of  the  copper  wire  was  noted.  The  bulb  was  thus 
operated  as  an  air-thermometer  at  constant  volume,  and  correc- 
tions were  applied  to  the  expansion  of  the  glass  walls  of  the 
bulb,  and  for  the  variation  of  barometric  pressure  during  the 
period  of  observations,  also  electrically  for  tne  resistance  of  the 
leads  up  to  and  including  the  platinum  seals. 

Thermometer  Bulbs  and  Contents. 

A  vertical  section  of  the  thermometer  bulb  and  its  accessories 
is  shown  to  one-third  true  scale  in  Fig.  1.  a  b  is  the  cylindrical 
glass  bulb  15  cms.  long,  and  3.15  cms.  external,  2.85  cms.  inter- 
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oal  diameter.  The  capacity  of  the  chamber  so  enclosed  was 
approximately  75  c.  c.  Three  separate  platinum  wires  2  cms. 
lone  and  0.048  cm.  in  diameter  were  sealed  in  at  d  and  welded 
with  three  exterior  copper  wires,  e  f  and  o,  forming  the  leads  to 


Fig.  I. 

the  apparatus.  The  central  wire  was  also  welded  within  the 
bulb  to  a  copper  wire  10  cms.  long  and  0.08  cms.  in  diameter, 
and  the  seal  supported  this  wire  axially  along  the  bnlb  to  its 
termination  at  h. 

TbJB  copper  wire,  d  h,  was  entirely  covered  by  a  glass  tube  10 
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cius.  long  and  0.25  cms.  in  external  diameter.  Closely  threaded 
on  the  glass  tube  were  beads  or  short  cylinders  cut  from  glass 
tubing,  each  bead  being  1  cm.  long,  0.28  cms.  internal  and  0.4  cms. 
external  diameter.  The  beads  served  as  sleeves  or  washers  to 
clamp  between  them  at  their  junctions  circular  disks  of  mica  1.9 
cms.  in  diameter  and  0.02  cms.  thick,  with  a  hole  in  the  centre 
0.25  cms.  in  diameter.  Two  circles  of  holes  were  drilled  con- 
centrically around  this  disk,  each  circle  having  fifteen  holes. 
The  diameter  of  these  circles  were  1.0  and  1.65  cms.  respectively. 
A  plan  view  of  a  mica  disk  is  shown  at  Fig.  2,  to  full  scale. 

The  copper  wire  tested  was  of  good  commercial  quality  0.002 
in.  (0.0051  cm.)  in  diameter,  and  double  silk  covered.  The 
silken  covering  was  dissolved  off  with  hot  caustic  soda,  diluted  so 
as  not  to  oxidize  the  wire,  and  the  bare  wire  threaded  up  and 
down  through  the  mica  disk,  and  parallel  to  the  axis  of  the  bulb, 
first  filling  up  the  inner  cylinder  of  holes  and  then  the  outer. 
The  inside  end  was  soldered  to  platinum  wire  No.  1,  connected 
with  the  lead  e,  the  final  exterior  end  soldered  to  platinum  wire 
No.  2  from  lead  o,  and  the  junction  or  midway  point  connecting 
the  inner  and  outer  cylinder  was  connected  to  the  copper  wire  at 


Fig.  2. 

h  which  communicated  with  lead  f.  By  this  means  two  separate 
loops  of  wire,  of  nearly  equal  length,  were  provided  within  the 
bulb,  arranged  in  two  cylinders,  one  within  tne  other.  The  outer 
cylinder  between  leads  f  and  o  had  a  diameter  of  1.65  cms.;  the 
inner,  between  e  and  f,  a  diameter  of  1.0  cms.  The  object  of 
this  arrangement  was  to  furnish  a  check  by  duplicate,  upon  the 
observed  resistance  of  the  tested  wire,  and  also  to  ascertain  what 
difference  in  temperature,  if  any,  existed  between  the  air  at 
radius  0.5  cm.  and  the  air  at  radius  0.8  cm.  from  the  axis  of  the 
bulb,  the  source  of  heat  being  entirely  external.  Had  the  mean 
temperature  of  the  inner  and  outer  cylinders  differed  at  any  time 
in  virtue  of  gradient  of  temperature  within  the  bulb,  by  one 
tenth  of  one  degree  centigrade,  it  would  have  been  within  the 
range  of  observation ;  ana  had  it  amounted  to  one-fifth  of  a 
degree,  it  could  not  have  escaped  detection.  No  appreciable 
difference  was  at  any  time  discovered,  the  increase  of  resistance 
in  the  two  cylinders  being  always  proportionally  co-incident,  so 
that  finally  the  two  loops  were  conibined  into  one  for  facility  in 
observing  and  only  divided  for  an  occasional  check.     The  diffu- 
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sion  and  convection  of  the  air  within  the  bulb  must  have  been 
sufficiently  rapid  to  practically  equalize  the  temperature  within 
the  air  space.  The  course  of  the  wire  within  the  bulb  is  indi- 
cated by  the  dotted  lines  in  Fig.  1. 

The  bulb  communicated  with  the  mercury  through  a  glass  tube 
dk  ;  the  diameter  of  this  tube  was  0.6  cms.  externally  and  0.1 
cm.  internally,  and  the  volume  of  its  bore  from  bulb  to  fiducial 
mark,  including  the  offset  tube  at  m,  was  0.3  c.  c.  or  t^  of  the 
volume  of  the  tmlb. 

The  bulb  was  held  vertically  upon  the  axis  of  a  glass  perco- 
lator nnoo,  the  lower  tube  passing  through  a  rubber  stopper  at  p. 
The  space  between  the  bulb  and  walls  of  the  percolator  was 
filled  with  boiled  linseed  oil  up  to  the  level  qq,  and  a  cylindrical 
grid  of  platinoid  wire,  not  shown  in  the  figure,  was  immersed  in 
the  oil.  A  steady  current  of  from  two  to  tnree  amperes  through 
this  platinoid  wire  of  16  ohms  resistance,  served  to  raise  the  tem- 
perature of  the  oil  and  immersed  bulb  at  a  convenient  rate.  A 
disk  of  asbestos  cloth,  no,  rested  as  a  cover  upon  the  percolator, 
and  more  of  the  same  material  was  wrapped  around  the  exterior 
surface,  nnoo,  in  order  to  impede  the  escape  of  heat  from  the 
chamber. 

The  following  is  a  general  description  of  the  apparatus.  A 
vertical  wooden  board,  rising  above  a  wooden  trough  set  to  catch 
any  mercury  that  might  escape,  supports  a  long  vertical  tube  in 
front  of  the  cathetometer.  A  bottle  of  mercury  and  an  equili- 
brating bottle  of  sand  are  supported  by  a  cord  running  over 
pulleys  fixed  into  the  ceiling.  Lowering  the  sand  bottle  raised 
the  bottle  of  mercurv  and  attached  rubber  tube,  bringing  the 
level  of  mercury  in  the  index  tube  (allowing  for  capillarity)  up 
to  the  same  elevation. 

Electrical  Measuring  Instruments. 

The  resistance  of  each  cylindrical  loop  of  wire  within  the 
bulb  was  about  10  ohms  at  the  normal  or  initial  temperature,  in 
the  vicinity  of  20°  C.  making  20  ohms  in  all,  and  at  the  highest 
temperature  reached  in  the  measurements,  these  resistances 
doubled,  so  that  the  total  range  of  observed  change  in  resistance 
amounted  to  10  ohms  in  each  loop,  or  20  when  the  loops  were  in 
series. 

In  the  first  trial,  the  resistances  were  measured  by  Wheat- 
stone's  bridge.  This  method  was  found  to  be  unsatisfactory,  both 
in  respect  to  swiftness  and  precision.  In  swiftness,  because  the 
readjustment  of  the  balance  required  some  seconds  to  effect,  and 
during  that  time  the  temperature  of  the  wire  might  have  altered ; 
and  in  precision,  since  the  resistance  of  the  leads  had  to  be  sub- 
tracted, and  these  were  likely  to  vary  appreciably  with  the  tem- 
perature of  the  room. 
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Later,  two  differential  galvanometers  were  employed.  One 
balanced  the  two  loops  witnin  the  bulb  against  each  other  to  de- 
tect variations  of  temperature  within  the  bulb,  and  the  other 
compared  the  resistance  of  both  loops  in  series  against  a  fixed 
standard  in  platinoid  wire  (30  ohms). 

Finally,  the  first  galvanometer  fell  into  disuse,  since  no  varia- 
tion could  be  detected  between  the  resistances  of  the  two  loops, 
and  measurements  were  confined  to  the  second  differential  gal- 
vanometer, with  one  Wheatstone  bridge  reading  as  a  check  at 
the  outset,  and  another  at  the  culminating  temperature  of  the 
series. 

The  differential  galvanometer  method  is  very  convenient  for 
such  measurement.  It  enables  the  variations  of  the  tested  resi- 
stance to  be  constantly  watched,  and  balance  can  be  quickly  re- 
adjusted with  a  dead  beat  instrument  by  rheostat  thrown  into 
the  circuit  of  preponderating  influence. 

The  main  circuit  consisted  of  the  bulb  with  its  two  loops  in 
series,  a  standard  resistance  of  30  ohms  in  platinoid,  and  an  addi- 
tional resistance  of  50  ohms  in  a  rheostat.  A  single  Edison- 
Lalande  cell  delivered  a  steady  current  of  from  6  to  7  milli- 
amperes  through  this  circuit.  The  two  coils  of  the  differential 
galvanometer  had  about  2,700  ohms  each,  one  was  connected  to 
tne  terminals  of  the  standard  30  ohms,  and  the  other  to  the 
terminals  of  the  bulb.  A  change  of  resistance  in  circuit  of  either 
coil,  amounting  to  1  ohm,  could  be  plainly  observed  on  the  scale. 

Modus  Operandi. 

The  bulb  was  repeatedly  exhausted  through  its  attached  tube,, 
then  heated  to  200  C.  under  a  vacuum  for  an  hour  to  expel  all 
moisture,  and  finally  filled  with  dried  air.  It  was  then  tightly 
connected  with  the  mercury  apparatus  and  index  tube  by  double 
rubber  pipes  well  jointed.  The  offset  tube  was  opened  through 
a  chamber  containing  calcium  chloride  so  as  to  acquire  internally 
the  pressure  of  the  air,  which  was  noted  by  a  mercurial  barometer. 
The  level  of  the  mercury  was  raised  at  the  same  time  to  the 
fiducial  mark,  the  temperature  of  the  oil  bath  around  the  bulb 
observed,  and  the  resistance  of  the  enclosed  copper  wire  measured. 
The  temperature  of  the  air  close  to  the  index  tube  was  also  taken. 
The  offset  tube  was  then  sealed  off  with  a  blow-pipe,  and  the 
circuit  of  the  platinoid  grid  in  the  oil  bath  closed.  The  level  of 
the  mercury  was  then  raised  in  the  index  tube  about  3.5  cms.  to 
cathetometer  observation,  by  lifting  the  mercury  bottle  through 
that  distance,  driving  mercury  into  the  bulb  tube  above  the 
fiducial  mark.  The  increasing  temperature  and  pressure  of  the 
air  within  the  bulb  slowly  forced  the  mercury  in  this  column 
back  to  the  fiducial  mark,  leaving  the  index  elevation  practically 
unaltered.     At  the  moment  that  the  mercury  crossed  tne  fiducial 
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mark,  the  resistance  for  balance  at  the  differential  galvanometer 
was  noted.  The  level  of  the  mercury  in  bottle  and  index  tube 
would  then  be  raised  again  another  3.5  cms.,  the  mercury  column 
elevated  above  the  fiducial  mark,  the  cathetometer  reading  taken 
and  the  resistance  balance  when  the  mercury  again  crossed  the 
line.  This  process  was  repeated  step  by  step  until  the  maximum 
temperature  was  reached.  Meanwhile  readings  were  kept  of  the 
barometer  pressure  in  the  room,  and  the  temperature  of  the  air 
by  the  side  of  the  index  tube. 

No  appreciable  time  lag  existed  in  the  bulb,  owing  to  a  small 
thermal  capacity.  After  the  highest  desired  temperature  had 
been  attained  in  a  series,  the  differential  galvanometer  would 
indicate  a  lowering  in  the  resistance  of  the  copper  wire,  within 
ten  seconds  of  the  interruption  of  the  heating  current.  The  re- 
duction in  temperature  could  be  detected  electrically  ten  or 
fifteen  seconds  before  the  mercury  could  be  observed  to  retreat. 
This  lag  in  the  mercury  was  traced,  principally,  at  least,  to  the 
influence  of  fluid  friction  in  the  narrow  tube.  Tapping  this  tube 
with  the  finger  was  found  to  accellerate  the  mercurial  movement. 
Later  the  bulb  tube  whose  internal  diameter  was  1  mm.,  in  order 
to  have  as  little  volume  of  unheated  air-space  as  possible,  was 
welded  into  one  of  larger  caliber  (2  mm.)  just  above  the 
fiducial  mark,  increasing  volume  of  air-space  outside  the  bulb  to 
0.4  cc,  but  materially  diminishing  the  fluid  friction,  so  that 
tapping  the  tube  was  scarcely  necessary. 

A  similar  series  of  cathetometer  and  resistance  readings  was 
obtained  as  the  oil  bath  and  bulb  cooled  down.  An  entire  set  of 
observations  generally  lasted  four  hours. 

The  mercury  employed  was  filtered  and  kept  clean.  The  in- 
ternal diameter  of  the  index  tube  was  0.6  cm.,  but  as  its  capillar- 
ity error  entered  equally  into  all  the  readings,  no  correction  was 
required  on  this  account. 

The  co-efficient  of  expansion  of  the  glass  forming  the  bulb  was 
measured  by  taking  two  globes  blown  from  the  same  tubing  as 
the  bulb,  drawing  out  their  necks  to  a  fine  bore,  filling  them  with 
a  measured  mass  of  mercury,  at  normal  temperature,  heating 
them  up  to  their  necks  in  mercury  over  a  sand  bath  to  157°  C. 
till  they  ceased  to  overflow,  and  the  mass  of  mercury  remaining 
was  observed  after  cooling  down. 

The  mean  cubical  expansion  of  the  glass  so  determined  was 
3  B  =  (2800  ±  113)  X  10~8,  and  this  value  was  assumed  in  all 
voluminal  corrections. 

Results. 

The  first  four  series  of  observations  were  rejected.  When 
computed  and  plotted,  with  ordinates  of  resistance  to  abscissas 
of  temperature,  they  showed  curves  bending  slightly  upwards, 
after  the  manner  of  Matthiessen's,  but  the  descending  curve  was 
distinctly  below  the  ascending  branch,  so  that  the  diagram   ap- 
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peared  to  form  a  loop  as  though  the  wire  had  a  lower  resistance 
ior  a  given  temperature  when  cooling  than  when  heating.  The 
cause  of  this  error  is  not  known,  but  may 'have  been  due  to  fluid 
friction  of  the  mercury  in  the  bulb  tube.  With  each  successive 
series  the  curvature  of  the  line  diminished,  the  ascending  and 
descending  branches  approaching  one  another.  The  fifth  series 
was  considered  to  be  satisfactory.  Its  graph  is  practically  a 
straight  line  with  a  slight  divergence  between  upward  and  down- 
ward branches.  The  reduced  observations  are  given  in  the 
accompanying  table  I. 


Temperature  ?  C. 
by  Air 

Linear  Coefficient 
per°C. 

Weighted  Mean. 

Discrepancy. 

Thermometer. 

• 

■  •       •  • 

99.8 

0.004037 

0.004059 

0^)0002? 

67.0 

0.004076 

0.000017 

m           •  •   * 

79.8 

c. 004066 

•  •      ■  •  • 

"   0.0000C7 

92.9 

0.004085 

0.000026 

104.7 

0.004063 

0.000004 

118. 0 

0.004055 

—  0.0C0004 

131.4 

0.004052 

•  •  ■ 

0.000003 

143-° 

0.004058 

•  ■  •      • 

—  0.000001 

155-0 

0.00408 X 

0.00002a 

168.6 

0.004087 

0.000008 

181.7 

0.0C4110 

•  •      •  •  • 

0.000051 

196.2 

0  004084 

•      • 

0.000025 

169.0 

0.004062 

0.000003 

1353 

0.003999 

—  0.000060 

123.6 

0  003995 

—  0.000064 

108.0 

0.0040x0 

— 0.000049 

93.0 

0.0040x7 

• 

—  0.000043 

The  sixth  series  appeared  to  be  the  most  reliable.  Its  graph 
is  also  practically  a  straight  line  up  to  the  maximum  temperature 
of  255  C.  with  no  appreciable  deviation  between  the  ascending 
and  descending  branches,  the  latter  being  carried  in  this  instance 
no  lower  than  207°  C.  The  reduced  observation  referred  to 
linear  coefficients  are  given  in  the  following  Table  No.  II. 


Temperature 

Linear  Coefficient 

of  Copper  Wire 
in°C. 

of  Increase 
per  degree. 

0.004007 

Weighted  Mean. 

Discrepancy. 

■  •      •  •  • 

27.8 

0.004065 

—  0.000058 

42.64 

0.003984 



—  0.000081 

56-55 

0.004038 

—  0.000027 
™ -  0.000038 

•  •        •  •    • 

72.25 

0  004027 

•  ■  •      •  • 

87.11 

0.004063 

—  0000002 

105.07 

0.004172 
0.004080 

O.OOOXO7 

"3-99 

O.OOOOI5 

J  39.48 

0.004141 

O.OOOO76 

X54-I7 

0.004143 

0.000078 

169.94 

0.004082 

O.OOOOI7 

.  •      ... 

183.71 

0.004028. 

—  O.OCOO37 

Accidental  fall  in 

temperature  .... 

181.68 

0.003968 

. . . . 

—  O.OOOO97 

197-03 

0.003990 

—  O.OOOO75 

315-53 

0.004022 

—  0.000043 



23059 

0.004022 

•  •  •  •  •  • 

244.87 
255.26 

0.004049 

.... . . 

—  O  OOOOl6 

0.004070 

0.000005 

255.26 

0.004074 

0.000009 

.   ... 

255.26 

0.004088 

O.OOOO23 

235-44 

0.004097 

0.000039 

207.52 

0.004088 

0.000003 
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Between  the  fifth  and  sixth  series  the  apparatus  was  taken 
apart,  the  mercury  re-filtered,  the  bulb  re-exhausted  and  then 
re-placed.  The  method  of  measuring  the  temperature  of  the 
copper  wire  here  described  and  advocated  involves  considerable 
more  arithmetic  labor  in  computing  the  results,  owing  to  correc- 
tions for  barometric  pressure,  temperature  of  the  mercury 
column  in  the  index  tube  and  expansion  in  the  bulb,  but  it 
eliminates  all  doubt  as  to  the  co-incidence  between  the  tempera- 
ture of  the  wire  and  the  temperature  indicated  by  thermometer, 
and  avoids  all  differences  between  the  true  thermometry  scale 
by  air  thermometer  based  upon  Boyle's  law,  and  the  slightly 
divergent  scale  of  the  ordinary  thermometer  based  upon  the 
expansion  of  mercury. 

Tests  ok  the  Copper  Wire  Used. 

The  resistivity  of  the  wire  in  the  bulb  was  observed  to  be  1657 
o.  o.  s.  units  at  0°  C,  from  its  mass  and  resistance,  allowing  a 
specific  gravity  of  8.90.  Several  different  observations  did  not 
agree  very  closely,  however,  owing  probably  to  the  small  diame- 
ter of  the  wire,  and  its  liability  to  become  stretched  and  variable 
in  diameter. 

An  analysis  of  the  copper  wire  used  was  made  by  Mr.  McCoy, 
of  the  Purdue  Chemical  Laboratory.    The  results  are  as  follows : 

Arsenic^  [ Less  than  01    V*r  eent'     More  than  °°25  ^T  cent* 

Iron "        .02T) 

Zinc "        .08 

Owing  to  the  fact  that  the  well  recognized  methods  of  deter- 
mining the  above  impurities  are  no  longer  accurate  when  applied 
to  very  small  quantities  of  the  foreign  substance  as  in  the  present 
case,  it  was  usually  only  possible  to  determine  a  superior  limit 
which  the  quantity  of  impurity  present  could  not  exceed,  but 
below  which  it  might  fall  to  any  extent.  In  a  few  cases,  how- 
ever, an  inferior  limit  was  found.  The  results  were  checked  by 
applying  the  same  tests  to  a  sample  of  copper  prepared  from 
etectrodeposition  with  great  care,  and  to  whicn  known  quantities 
of  impunties  were  added. 


Discussion. 

The  Chairman  : — The  paper  is  open  for  discussion.  I  should 
like  to  ask  one  question  myself,  and  that  is,  what  was  the  color 
which  the  various  observers  noted,  if  any,  at  the  beginning  of 
incandescence,  what  did  they  call  it  ? 

Mr.  Kennelly: — Red. 
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The  Chairman  : — The  reason  I  asked  was  that  in  some  experi- 
ments made  by  a  few  of  my  students  they  called  it  gray.  I  never 
observed  it  myself. 

Mr.  Preece  : — I  should  like  before  you  close  this  discussion, 
to  be  allowed  as  a  representative  from  the  other  side  of  the  water, 
to  express  not  only  our  obligations,  but  our  admiration  for 
the  manner  in  which  Mr.  Kennelly  and  his  collaborators  are 
attacking  this  question.  Personally  I  feel  a  very  great  interest 
in  it  because  it  is  a  subject  that  I  have  myself  attacked  and  I  only 
gave  up  the  further  study  of  the  subject  when  I  found  that 
younger  and  abler  men  were  taking  it  up  on  this  side  of  the 
water. 

I  want  to  point  out  to  Mr.  Kennelly  that  at  Cambridge  where 
the  question  lias  been  also  carefully  considered  the  discrepancy 
between  the  curves  of  Matthiessen  and  Siemens  and  also  the  dis- 
crepancy that  is  to  be  found  in  the  text  books  and  in  papers 
generally  as  to  the  specific  resistance  of  copper  is  attributable  to 
a  difference  of  density.  It  has  been  found  by  reference  to 
Matthiessen's  original  papers  that  he  used  copper  having  a  den- 
sity of  8.9.  At  Cambridge  they  have  been  using  copper  which 
had  a  density  of  8.946,  and  it  was  found  that  with  the  copper  at 
this  density  the  difference  in  the  specific  resistance  formed  a 
direct  ratio  between  these  two  numbers.     The  numbers  I  hap- 

fened  curiously  enough  to  have  amongst  my  papers,  a  note  that 
took  when  Mr.  Fitzpatrick  read  a  paper  on  the  matter  at  one 
of  the  meetings  of  tne  British  Association,  I  think  it  was  at 
Edinburgh,  ana  the  figure  there  given  for  copper  at  8.946  specific 
gravity  and  18  degrees  Centigrade  was  if  54  and  for  copper  at 
8.9  density,  and  the  same  temperature  the  specific  resistance  was 
1766.  I  remember  after  that  working  that  down  with  a  co- 
efficient, the  co-efficient,  then  given  for  temperature,  and  I  think 
if  Mr.  Kennelly  will  be  kind  enough  to  take  that  note  and  will 
apply  to  it,  the  formulae  derived  from  his  experiments  with  his 
revised  co-efficient  that  we  shall  find  there  will  not  be  much 
discrepancy  between  the  figure  used  in  England  and  that  used 
here.  On  the  other  hand  we  shall  all  be  delighted  to  feel  that 
we  have  a  co-efficient  derived  from  the  unique  means  that  Mr. 
Kennelly  has  in  his  possession  and  I  can  assure  him  as  a  repre- 
sentative of  English  electricians  the  result  of  his  paper  will  be 
for  us  to  accept  nis  co-efficient  without  the  slightest  hesitation. 

Mr.  Kennelly  : — Mr.  Chairman,  I  think  I  nave  nothing  more 
to  say  upon  this  matter  except  to  add  that  I  cannot  accept  the 
compliments  that  Mr.  Preece  has  showered  upon  me  even  if  I 
share  them  with  my  collaborator.  I  do  hope  that  the  results 
here  offered  may  be  the  means  of  drawing  attention  to  a  very 
important  subject  practically  and  theoretically,  and  that  further 
observations  may  oe  made  by  which  we  can  settle  finally  the 
matter  within  reasonable  limits  of  accuracy.  I  do  not  suppose 
one  measurement  can  give  them  or  one  series  can  give  them,  but 
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I  think  a  number  of  such  measurements  by  five  or  six  disinter- 
ested and  unbiased  observers  may  give  us  a  result.  I  think  that 
the  method  which  we  are  undertaking  is  a  very  reliable  one. 

The  Chairman  : — The  next  paper  to  be  read  is  by  Professor 
B.  F.  Thomas  on  photometric  measurements. 

Professor  Thomas  addressed  the  Section  as  follows : 


NOTE  ON  PHOTOMETRIC  MEASUREMENT. 


BY   PROF.    B.    F.    THOMAS, 
Ohio  State  University,  Columbus,  Ohio. 


The  observations  which  I  have  to  make  at  the  present  time  are 
theoretical  in  character.  Unfortunately  the  experimental  work 
which  I  have  been  doing  in  connection  with  the  points  involved 
in  it,  is  not  in  such  shape  that  I  can  present  to  you  definite  re- 
sults ;  still  the  difficulties  which  I  have  encountered  in  the  photo- 
metric work  leading  up  to  the  present  notes,  lead  me  to  think 
that  some  of  the  assumptions  which  have  been  made  regarding 
the  conditions  governing  photometric  work  need  a  little  closer 
look  into  than  they  have  so  far  received. 

The  law  which  states  that  the  intensity  of  illumination  pro- 
duced by  a  radiant  varies  inversely  as  the  square  of  the  distance 
from  the  radiant,  we  are  all,  of  course,  familiar  with,  but  any 
who  have  attempted  to  do  close  work  upon  the  basis  of  that  law 
have,  as  many  writers  have  noted,  found  deviations  from  the  re- 
sults which  should  have  been  found  if  that  law  had  applied  in 
the  given  conditions.  These  deviations  have  usually  been  attri- 
buted to  the  fact  that  the  radiant  is  not  a  point  but  a  surface  or 
a  volume,  but  the  conditions  under  which  radiants  used  as  stan- 
dards, as  well  as  radiants  which  are  being  measured,  are  used,  are 
somewhat  different  from  those  usually  assumed  in  the  discussion 
of  the  theory ;  and  for  the  purposes  of  what  I  have  to  say  to-day 
I  limit  the  consideration  to  radiants  enclosed  in  clear  glass  en- 
velopes. 

It  has  been  noted  frequently  that  it  is  necessary  in  using  as  a 
photometric  standard  a  burner  having  a  glass  chimney,  that  one 
should  choose  a  chimney  whose  walls   are   parallel  surfaces  in 
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front  of  the  flame,  so  that  lenticular  action  of  the  glass  may  be 
avoided.  I  do  not  remember  to  have  seen,  however,  that  anyone 
has  called  attention  to  the  influence  of  the  part  of  the  chimney 
which  lies  back  of  the  flame,  in  other  words  reflection  from  the 
chimney  itself.  A  figure  will  bring  out  more  clearly  the  influ- 
ence which  must  result  from  that. 

If  the  arc  a  b  be  taken  as  a  part  of  the  inner  surface  of  the 
chimney,  and  c  as  its  center  of  curvature,  it,  as  a  cylindrical 


D  D  c 


Fig.  1. 

mirror,  must  have  its  principal  focus,  for  a  limited  portion  of  the 
surface,  at  d,  half  way  between  the  surface  and  c.  If  the  flame 
be  at  d,  that  part  of  its  radiation  which  is  reflected  from  a  b  will 
form  a  beam  which  is  parallel  in  the  horizontal  plane,  but  which 
in  the  vertical  plane  diverges  from  a  virtual  focus  d\  back  of 
the  chimney.  Neglecting  the  action  of  other  parts  of  the  chim- 
ney, a  surface  s  at  the  right  of  c  will  have  an  illumination  made 
up  of  two  parts.  The  first  part  is  due  to  direct  radiation  from  d, 
and  is  inversely  proportional  to  the  square  of  the  distance  d  s. 


Fig.  2. 

The  second  part  is  due  to  the  reflection  from  a  b,  and  is  nearly 
inversely  proportional  to  the  distance  n'  s.  It  follows  that  the 
total  illumination  can  not  vary  inversely  as  the  square  of  the 
distance  d  s. 

If  the  flame,  or  other  radiant,  be  at  some  point  between  c  and 
d,  Fig.  1,  instead  of  at  n,  the  action  changes  to  that  shown  in 
Fig.  2. 

The  light  reflected  from  the  surface  a  b  converges,  horizontally, 
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to  a  focal  point  f,  conjugate  to  that  occupied  by  the  radiant  e. 
For  certain  distances  of  e  from  the  principal  focus  d,  it  will 
follow  that  that  part  of  the  illumination  of  a  surface  which  is 
produced  by  the  reflected  light,  will  be  greatest  when  the  surface 
is  at  f,  and  will  be  less,  if  the  surface  be  moved  either  toward  or 
away  from  the  radiant. 

In  Fig.  3,  the  curve  a  b  is  plotted  to  represent  the  illumination 
(ordinates)  produced  at  different  distances  (abscissae)  by  direct 
radiation,  c,  p,  d  represents  the  variation  due  to  reflection,  for 
the  case  supposed  in  Fig.  2.  The  curve  o,  k,  h  then  shows  the 
total  illumination  at  like  distances.  Evidently  the  amount  of 
distortion  of  the  theoretical  curve  a,  b  will  vary  with  the  reflect- 


Fig.  3. 

ing  power  of  the  glass  chimney  surface,  and  with  the  distance  of 
the  conjugate  focal  point  p,  from  the  flame.  It  is  possible  to 
produce  conditions  which  will  cause  the  total  illumination  to 
increase  with  increasing  distance,  in  a  limited  part  of  the  curve. 

The  simple  case  supposed  is  discussed  to  bring  out  as  clearly 
as  possible  the  effect  of  reflection  from  the  chimney.  The  condi- 
tions existing  in  an  argand  burner,  open  or  screened,  are  of  course 
much  more  complex.  The  cylindrical  form  of  the  flame,  cylin- 
drical abberation,  multiple  reflections,  and  irregularities  in  the 
glass  surface,  all  complicate  the  action  so  much  that  it  seems 
useless  to  occupy  your  time  with  a  complete  discussion  of  them. 

To  learn  whether  the  reflected  light  alluded  to  is  of  import- 
ance in  photometric  work,  I  have  recently  had  an  incandescent 
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lamp  measured  against  a  Methven  standard,  in  the  photometer 
which  is  to  be  used  in  tests  of  incandescent  lamps  at  the  World's 
Fair.  Measurements  were  first  made  in  the  usual  way,  with  the 
glass  chimney  of  the  Methven  clean.  Then  the  chimney  was 
taken  oflf,  its  rear  half  smoked  until  opaque,  and  replaced.  The 
measurements  of  the  incandescent  lamp  were  then  repeated. 
This  was  done  a  number  of  times,  by  different  observers,  who 
found  a  nearly  constant  difference  of  nine  per  cent,  between  the 
results  obtained  with  the  chimney  clean,  and  those  obtained  with 
the  chimney  blackened.  This  result  clearly  makes  it  unsafe  to 
neglect  the  action  under  consideration,  when  one  wishes  to  do 
accurate  work. 

The  only  safe  way  in  which  one  may  use  an  argand  flame  as  a 
working  standard  is  to  let  its  distance  from  the  photometer  disk 
be  fixed,  making  variable  the  distance  from  the  disk  to  the  light 
which  is  being  measured.  If  this  cannot  be  done,  the  working 
standard  may  be  improved  by  substituting  for  the  glass  chimney 
a  metal  one,  its  rear  half  thoroughly  smoked  and  the  aperture 
in  its  front  surface  covered  by  a  thin  piece  of  clear  mica  to  avoid 
lenticular  action.  If  the  rear  half  of  the  metal  chimney  be  flat 
instead  of  concave,  it  will  be  still  better,  for  even  the  best  black 
surfaces  reflect  some  light. 

The  action  under  consideration  has  an  important  bearing  on 
the  photometry  of  incandescent  lamps.  If  one  looks  at  such  a 
lamp  when  burning,  a  phantom  filament  will  be  seen,  as  well  as 
the  filament  itself.  The  phantom  is  produced  by  reflection 
from  the  glass  globe.  A  moment's  consideration  will  make  it 
clear  that  the  phantom  behaves  as  an  independent  source  of  light 
in  illuminating  the  surrounding  of  the  lamp.  If  the  lamp  be 
viewed  from  different  directions,  the '  phantom  changes  position 
and  brightness,  being  excessively  bright  in  some  positions,  and 
disappearing  in  others.  If  such  a  lamp  be  taken  near  a  white 
wall,  it  will  generally  be  noticed  that  the  light  falling  on  the  wall 
is  not  uniform,  but  shows  one  or  more  streaks  or  bands  of  much 
greater  brightness  than  the  general  surface.  How  is  the  average 
candle  power  of  such  a  lamp  to  be  determined,  even  in  a  plane 
perpendicular  to  its  axis  ?  The  usual  method  of  determining  the 
mean  horizontal  candle  power  of  a  lamp  is  to  take  readings  in 
several  directions  about  its  axis,  most  commonly  in  positions  30° 
Apart,  and  to  average  the  candle  powers  found  in  the  several 
positions.     This  proceeding  is  based  on  the  assumption  that  the 
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curve  of  actual  intensity  in  all  directions  coincides  with  a  smooth 
curve  drawn  through  the  values  and  positions  observed.  This 
can  only  be  true  when  the  angular  settings  are  numerous  enough 
to  obtain  the  true  form  of  the  curve  in  regions  where  the  light 
shows  the  streaks  alluded  to.  Settings  30°  apart  will  certainly 
not  give  the  true  value.  It  is  questionable  whether  settings  5° 
apart  will  answer.  By  way  of  illustration  it  may  be  stated  that  a 
certain  lamp,  when  under  observation  in  the  usual  way,  gave  an 
average  horizontal  candle-power  of  about  14  candles.  The  high- 
est value  found  in  any  one  of  the  twelve  positions  used  in  getting 
the  average  was  less  than  16  candles.  But  a  bright  flash  was 
noticed  by  the  observer  of  the  disk,  when  the  lamp  was  being 
turned  from  one  position  to  the  next,  30c  from  it.  The  lamp 
was  turned  to  the  position  giving  the  flash,  and  was  found  to- 
measure  25  candles  in  that  direction.  If  one  could  spin  the 
lamp  at  sufficient  velocity  to  produce  visual  continuity  at  the 
disk,  a  true  average  would  be  found. 

Incandescent  lamps  are  often  used  as  working  standards. 
Leaving  all  other  questions  as  to  their  fitness  for  such  use  aside, 
if  used  at  all,  they  should  be  carefully  selected  and  tested  with 
respect  to  the  reflection  error.  To  reduce  this  source  of  error  as 
much  as  possible,  the  filament  should  occupy  the  least  possible 
space  and  be  placed  as  nearly  as  possible  at  the  center  of  the  bulb, 
which  would  be  spherical  and  quite  large.  The  reflected  light 
will  then  proceed  as  if  emitted  close  to  the  filament  itself. 


On  motion  the  discussion  was  postponed  until  the  following 
morning,  and  the  Section  thereupon  adjourned. 


Tbird  Meeting,  Thursday,  Aug.  24,  1893,  10  a.  m. 

Section  B  was  called  to  order  at  10.05  a.  m.,  by  the  chairman, 
Prof.  Cross ;  and  the  minutes  of  the  preceding  meeting  were 
read  and  approved. 

The  Chairman  : — The  paper  read  yesterday  by  Prof.  Thomas 
is  now  open  for  discussion. 

Mr.  Carl  Hering,  of  Philadelphia: — I  would  like  to  ask 
Prof.  Thomas  if  he  has  any  means  to  suggest  to  avoid  that  reflec- 
tion in  case  of  a  bulb  of  an  incandescent  lamp  where  you  cannot 
get  inside  ? 

Prof.  Tbomas  : — No.  I  do  not  see  how  that  can  be  done. 

Prof.  G.  W.  Patterson,  of  Ann  Arbor,  Mich.: — It  seems  to 
me  this  last  thing  can  be  explained  in  another  way,  although 
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what  Prof.  Thomas  says  is  undoubtedly  true  to  6ome  extent.  If 
a  light  is  placed  in  a  room  with  walls  of  any  reflecting  power  at 
all,  the  illumination  is  re-enforced  by  the  reflection  from  the 
walls.  If  the  walls  are  transparent  also,  as  in  the  case  of  the 
glass  chimney,  part  of  the  light  emitted  will  have  been  reflected 
inside  the  chimney  one  or  more  times.  This  latter  part  of  the 
light  whether  it  obeys  the  law  of  inverse  squares  or  not,  is  lost  if 
the  inside  of  the  chimney  is  blackened. 

The  Chairman  : — Are  there  any  further  remarks  ? 

Prof.  Thomas  : — I  did  not  hear   Prof.  Patterson's  question 
Will  he  please  repeat  it  ? 

Pbof.  Patterson  : — My  idea  is  that  with  the  ordinary  chim- 
ney the  whole  of  the  light  is  not  emitted  at  once,  some  of  it  be- 
ing first  reflected  at  the  surface  of  the  glass.  It  seems  to  me 
that  we  would  get  a  smaller  amount  of  light  with  the  chimney 
than  without  it  because  of  reflection  and  absorption  and  this 
amount  would  be  much  reduced  if  we  had  to  lose,  by  absorption 
at  the  blackened  surf  sice,  all  of  the  light  not  immediately  emitted. 

Whether  the  portion  of  the  emitted  light  which  has  been  re- 
flected within  the  chimney,  will  obey  the  law  of  the  inverse  squares 
of  the  distance  from  the  Methven  screen,  seems  to  me  to  be  a  ques- 
tion which  must  be  solved  by  measurements  at  various  distances. 

The  Chairman  : — Are  there  any  further  remarks  to  be  made? 
If  not  I  will  say  that  it  is  my  impression  that  the  hump  to  which 
Prof.  Thomas  refers  is  not  universally  present  in  the  curves  of 
incandescent  lamps  when  the  Methven  slit  is  used.  I  should  also 
like  to  ask  Prof.  Thomas  whether  the  method  of  obtaining  the 
average  horizontal  intensity  of  an  incandescent  lamp  by  whirling 
the  lamp  has  any  practical  value.  I  have  some  interest  in  the 
matter  because  so  far  as  I  know  it  was  originally  suggested  by 
me  at  the  Franklin  Institute  Congress  in  1884.  The  same  idea 
also  occurred  to  Prof.  Wead.  The  difficulty  expected  was  distor- 
tion of  the  filament  from  centrifugal  force. 

Prof.  Thomas  : — It  is  quite  true,  as  Prof.  Patterson  states, 
that  a  part  of  the  light  from  the  flame  is  reflected  two  or  more 
times  before  passing  out  of  the  chimney  to  the  disk.  I  have 
already  alluded  to  this  fact  as  multiple  reflection.  Such  light, 
of  course,  adds  to  the  illumination  produced  by  the  light  which 
passes  directly  from  the  flame  to  the  disk,  and  by  that  which  is 
reflected  once  only,  from  the  rear  surfaces  of  the  chimney.  The 
illumination  produced  by  it  is  so  small  that  its  effect  may  be 
neglected,  in  comparison  with  that  produced  by  the  first  reflec- 
tion, which  has  been  under  consideration.  If  we  assume  that 
ten  per  cent,  of  the  light  is  returned  from  the  glass  at  the  first 
reflection,  only  ten  per  cent,  of  that  ten  per  cent.,  or  one  per 
cent,  of  the  original  beam  is  returned  at  tlie  second  reflection. 
No  serious  error  arises  then  from  neglecting  multiple  reflections. 
Blackening  the  rear  half  of  the  chimney  removes  the  disturbing 
influence  of  aU  reflections  at  once. 
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In  reply  to  Prof.  Cross,  the  form  of  the  resultant  intensity- 
distance  curve  (as  o,  k,  h,  Fig.  3)  obviously  depends  upon  the 
reflecting  power  of  the  glass  chimney  and  upon  the  relative 
diameters  of  the  chimney  and  the  flame.  The  curve  given  by 
one  chimney  and  flame  may  be  quite  different  from  that  given 
by  another  chimnev  of  different  diameter,  used  with  the  same 
flame.  Indeed  a  simple  displacement  forward  or  backward,  of 
the  same  chimney,  will  change  the  curve.  For  example,  the 
curve  corresponding  to  the  case  supposed  in  Fig.  1,  will  nave  no 
hump  in  it,  like  that  at  k  in  Fig.  3.  It  will  be  a  smooth  curve 
not  differing  much  in  form  from  the  theoretical  curve,  but 
having  materially  different  values. 

From  experience,  I  am  confident  that  the  reflection  error  is 
the  cause  of  many  discordant  results,  and  may  in  large  part 
account  for  the  different  results  found  in  measuring  given  radi- 
ants on  photometer  bars  of  different  lengths. 

1  have  had  no  experience  in  spinning  lamps.  The  difficulty 
spoken  of  by  those  who  have  tried  it,  is  the  bending  of  the 
slender  filaments,  by  centrifugal  action  when  spinning.  The 
method  would  be  better  adapted  to  lamps  with  anchored  filar 
ments,  or  with  such  short  stout  filaments  as  those  of  the  Thom- 
son-Houston and  Bernstein  series  lamps. 

The  Chairman  : — The  next  paper  to  be  read  is  by  Prof.  H.  S. 
Carhart  on  "  A  Pair  of  Electrostatic  Volt  Meters." 

Prof.  Carhart  then  read  the  following  paper: 


A  PAIR  OF  ELECTROSTATIC  VOLTMETERS. 


BY    PROF.    H.    S.    CARHART, 
University  of  Michigan,  Ann  Arbor,  Mich. 


It  is  often  desirable  to  be  able  to  measure  directly  the  potential 
difference  between  the  primary  wires  of  an  alternator  without 
recourse  to  a  transformer  or  other  auxiliary  device.  An  electro- 
static instrument  is  especially  applicable  to  this  purpose  since  it 
has  no  self-induction  and  takes  no  current.  Such  an  instrument 
for  laboratory  purposes,  which  has  proved  exceedingly  satisfac- 
tory, I  have  had  made  by  my  mechanician,  Mr.  Ralph  Miller. 

But  another  one,  capable  of  measuring  from  about  20  or  25 
volts  up  to  100,  is  needed  for  the  purpose  of  calibrating  the  first. 
This  I  have  also  designed,  and  Mr.  Miller  has  built  it  with  much 
skill. 

Both  of  these  instruments  may  very  properly  be  called  electro- 
static dynamometers.  Each  contains  a  mirror  from  which  a 
beam  of  light  from  a  lamp  is  reflected  to  a  fixed  scale ;  and  in 
using  them  the  spot  of  light  is  brought  back  to  the  initial  or  zero 
position  by  turning  the  torsion  head  before  the  reading  is  taken. 
The  beam  of  light,  some  40  inches  in  length,  takes  the  place  of 
the  pointer  of  a  Siemens'  dynamometer.  In  this  particular  I  have 
followed  Mr.  Swinburne,  but  in  most  other  respects  the  design 
differs  from  his.  In  fact,  I  had  never  seen  a  Swinburne  volt- 
meter till  after  my  first  instrument  was  made,  and  my  second 
one  differs  from  his  more  than  the  first. 

Referring  to  Fig.  1,  which  consists  of  a  horizontal  and  a  ver- 
tical section,  it  will  be  seen  that  the  fixed  portions  of  the  elec- 
trical device  consist  of  four  half  circular  flat  boxes,  three  inches 
in  diameter  and  half  an  inch  deep  inside.     The  lower  pairs  are 
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supported  on  ebonite  pillars,  and  the  upper  ones  are  supported 
from  the  lower  by  means  of  lead  glass  rods  set  into  appropriate 
sockets.  The  needle  consists  of  two  half  circles  of  very  thin 
aluminium  mounted  on  wire  of  the  same  metal,  as  shown  in  the 
small  diagram  in  the  lower  left-hand  corner  of  the  figure.  It  is 
evident  that  when  the  half  circles  are  cross-connected,  as  shown, 
and  one  pair  of  inductors  is  connected  with  the  needle,  the  forces 
acting  on  the  movable  system  are  all  such  as  to  turn  it  in  one 
direction.  The  needle  is  suspended  by  a  phosphor-bronze  wire 
about  0.0015  inch  in  diameter  from  a  torsion  head  of  brass  with 
a  hard  rubber  top.  The  hole  through  this  brass  head  is  larger 
than  the  drawing  shows,  except  at  its  upper  end ;  so  that  the 
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suspending  wire  is  perfectly  free,  except  at  it6  point  of  support. 
Below  the  axis  of  the  needle  is  connected  by  means  of  a  spiral  of 
platinum-silver  wire  to  the  brass  cup  containing  paraffin  oil  as  a 
damper.  The  mirror  hangs  midway  between  the  two  half  circles 
forming  the  needle. 

To  set  up  and  adjust  to  zero  without  leaving  the  suspending 
wire  under  torsion,  the  bottom  of  the  spiral  below  is  left  free. 
The  torsion  head  is  then  turned  till  the  spot  of  light  comes  to 
the  zero  of  the  scale.  Then  the  brass  cap  on  the  lower  end  of 
the  spiral  is  attached  by  friction  to  the  pin  in  the  brass  cup,  and 
the  cup  is  turned  till  the  spot  of  light  again  returns  to  zero. 
Both  the  upper  and  lower  wires  are  then  free  from  torsion. 
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The  scale,  resting  on  the  hard  rubber  at  the  top,  is  divided 
into  400  equal  divisions,  and  the  pointer  is  6et  to  the  zero  of  this 
scale  after  the  preceding  adjustment  has  been  made.  Connec- 
tions with  the  mains  are  made  by  means  of  the  rubber  covered 
binding  posts,  as  shown,  and  the  key  which  i6  drawn  in  the 
charging  position  is  made  to  discharge  the  quadrants  or  inductors 
by  turning  through  180°.  The  damper  consists  of  a  horizontal 
disk,  supported  by  two  wires  from  the  axis  of  the  needle,  and 
having  at  its  center  a  hole  through  which  passes  the  pin  holding 
the  spiral. 

When  the  instrument  is  charged,  the  system  swings,  twisting 
both  the  supporting  wire  and  the  steadying  spiral  at  the  bottom. 
This  spiral  has  more  torsion  than  the  wire.     The  torsion  head  is 
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turned  till  the  spot  of  light  returns  to  zero,  and  the  twist  of  the 
suspending  wire  is  then  read  by  the  pointer  on  the  scale.  The 
spiral  below  has  no  influence  on  this  reading  since  it  is  without 
torsion  at  the  zero  position,  except  in  so  far  as  the  suspending 
wire  shortens  by  the  twist  to  which  it  is  subjected.  The  instru- 
ment is  practically  dead-beat  and  its  performance  is  in  every  way 
most  satisfactory. 

Fig.  2  shows  the  calibration  curve.  Since  the  instrument  is 
used  idiostatically,  this  curve  should  be  a  parabola.  It  departs 
from  a  parabola  only  very  slightly.  The  constant  increases  a 
little  on  the  upper  readings,  probably  because  of  the  shortening 
of  the  suspending  wire  as  already  explained. 

The  upper  points  of  this  curve  were  obtained  by  means  of  a 
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platinoid  resistance  of  4,000  ohms,  wound  non-inductively  on 
three  frames  supported  in  a  horizontal  position,  so  that  all  por- 
tions of  the  wire  remain  at  the  same  temperature.  This  wire  is 
divided  into  four  sections,  and  the  resistance  of  each  section  is 
carefully  measured.  The  smallest  is  a  little  less  than  ^  of  the 
entire  amount.  The  whole  is  connected  across  the  mains  leading 
to  the  alternator,  while  conductors  lead  from  the  terminals  of 
the  smallest  section  to  a  Kelvin  multi-cellular  voltmeter.  Suc- 
cessive readings  were  taken,  while  the  voltage  of  the  machine 
was  made  to  vary  by  means  of  the  resistance  in  the  field  of  the 
exciter.  For  the  lower  points,  which  it  was  not  practicable  to 
reach  by  the  alternator  as  above,  recourse  was  had  to  a  direct 
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constant  current  dynamo  and  a  Weston  voltmeter  with  additional 
known  resistance  in  series.  This  method  was  particularly  satis- 
factory ;  and  the  regularity  of  the  points  obtained  constitute  a 
fine  testimonial  for  the  Weston  instrument,  in  comparison  with 
the  irregular  nutation  of  the  points  secured  by  means  of  the 
Kelvin  multi-cellular.  It  will  be  seen  that  1,000  volte  were 
measured  by  a  twist  of  the  suspending  wire  of  about  two  and  a 
quarter  turns.     No  appreciable  set  was  observed. 

This  same  instrument  has  been  used  with  success  to  obtain  the 
curve  of  primary  e.  m.  f.  of  the  alternator,  no  other  apparatus 
being  required  except  the  usual  contact  maker  on  the  end  of  the 
dynamo  shaft.  The  readings  may  be  taken  very  quickly  and 
conveniently. 
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The  second  instrument  is  shown  in  section  in  Fig.  3,  the  case 
being  omitted.  The  sectors  are  cylindrical  and  are  supported  on 
a  hard  rubber  head,  which  in  turn  is  rigidly  attached  to  a  strap 
of  hard  rubber  supported  on  two  brass  columns.  These  carry 
the  divided  scale  at  the  top.  The  hard  rubber  head  is  slotted,  as 
shown  at  the  left,  to  increase  insulation  between  the  cylindrical 
sectors.  The  needle  consists  of  two  cylindrical  sectors  6hown  at 
the  right.  The  damper  is  made  in  the  same  way  as  in  the  first 
instrument.  The  entire  suspended  system  in  this  case  is  alumi- 
nium except  the  spiral  at  the  bottom,  which  consists  of  a  very 
thin  phosphor-bronze  strip,  made  by  rolling  on  a  mandrel, 
annealing  and  finally  re-tempering.  The  suspension  is  made  by 
means  of  a  quartz  fibre.  A  much  finer  fibre  than  the  one  used 
would  carry  the  system  which  weighs  a  little  over  one  gramme. 
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The  adjustment  to  zero  is  made  in  the  same  manner  as  described 
in  connection  with  the  other  instrument.  This  instrument  is 
much  more  accessible  for  adjustments  than  the  other,  since  the 
brass  case  can  be  removed  without  disturbing  any  of  the  parts. 
The  cylindrical  sectors  are  only  an  inch  in  diameter,  the  vertical 
adjustments  are  effected  by  sliding  the  supporting  sleeves  up  or 
down  on  the  posts,  and  the  levelling  screws  are  made  so  as  to 
secure  the  instrument  to  the  shelf  on  which  it  stands. 

Fig.  4  i6  the  calibration  curve  from  about  16  to  76  volts.  This 
was  made  with  a  temporary  paper  scale ;  and  instead  of  lamp 
and  concave  mirror,  which  will  be  used  finally  as  on  the  other 
instrument,  a  plain  mirror  and  telescope  were  employed  as  a 
temporary  expedient. 


$10  CARHART  ON  ELECTROSTATIC  VOLTMETERS. 

D18CU88ION. 

The  Chairman  : — Prof.  Carhart's  paper  is  before  you  for  dis- 
cussion.    Are  there  any  remarks  ? 

Prof.  A.  G.  Webster,  of  Worcester,  Mass.: — I  would  like  to 
ask  Prof.  Carhart  one  or  two  questions.  One  is  about  insulation. 
He  says  the  insulation  is  very  good.  I  would  like  to  know  what 
is  meant  by  the  expression  "  very  good  ; "  and  whether  by  using 

flass  above  and  rubber  below  he  can  state  why  it  is  very  good, 
have  been  very  much  interested  in  surface  leakage.  I  remem- 
ber a  paper  in  the  Transactions  of  the  American  Institute  of 
Electrical  Engineers  where  a  gentleman  used  a  tension  of  5,000 
volts,  and  had  no  leakage  whatever.  I  have  been  very  anxious 
to  find  out  how  he  did  it.     Prof.  Carhart  uses  both  substances, 

flass  and  rubber  and  I  see  he  use9  a  very  short  distance  of  rubber, 
suppose  he  finds  it  sufficient.  This  instrument  is  of  course  a 
very  convenient  one  because  it  is  a  zero  instrument.  It  occurs 
to  me,  and  it  may  not  be  known  to  every  one  that  there  is  a  way 
that  is  a  little  quicker  than  bringing  the  reaching  back  to  zero. 
In  cases  where  one  does  not  wish  to  employ  this  method  and 
bring  the  reading  back  to  zero  he  can  simply  read  once  and 
swing  and  bring  it  back. 

In  regard  to  Prof.  Carhart's  remarks  on  Lord  Kelvin's  instru- 
ment it  occurred  to  me  to  ask  why  he  underrated  his  instrument 
with  respect  to  Lord  Kelvin's.  I  think  his  conclusions  show  his 
instrument  to  be  as  good  as  Lord  Kelvin's. 

With  regard  to  the  fibre,  I  would  like  to  ask  why  he  ob- 
jects to  the  usual  method  in  Thompson's  electrometer.  He 
puts  in  his  spiral  which  his  mechanic  is  skillful  enough  to  make 
with  very  little  torsion.  It  strikes  me  it  was  a  dangerous  thing 
to  use  tnis  spiral  when  you  are  going  to  use  quarts  fibres.  I 
fully  believe  that  anybody  who  has  used  quartz  fibres  will  use 
nothing  else.  I  don't  think  any  fibres  will  compare  with  quartz 
fibres  ii  one  knows  how  to  make  them. 

The  Chairman  : — I  should  like  to  ask  one  question  in  regard 
to  the  frequency  of  the  calibration  of  the  instrument,  that  is, 
supposing  it  is  set  up  and  used  when  necessary. 

jtrof.  Carhart  : — I  think  that  I  can  answer  the  questions  that 
have  been  asked,  except  perhaps  the  first  one,  satisfactorily. 
Now,  in  the  first  place,  the  lower  parts  must  be  supported  sub- 
stantially in  order  to  hold  the  upper  ones.  My  mechanic  objects 
to  using  glass.  Every  physicist  is  very  familiar  with  the  fact 
that  the  insulation  of  hard  rubber  may  not  be  so  good  after  the 
instrument  has  been  standing,  but  it  is  in  a  brass  case  that  does 
not  admit  light.  I  have  not  made  any  relative  test  of  the  lead 
glass  rod  as  compared  to  the  rubber  here,  but  I  want  to  call 
attention  to  this  fact  that  the  insulation  required  in  an  instru- 
ment of  this  sort,  which  is  constantly  connected  with  a  source  of 
supply,  is  not  the  same  as  an  instrument  used  in  the  ordinary 
way. 
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The  electrometer  leakage  is  of  less  importance,  as  you  have 
the  dynamo  behind  it  all  the  time,  even  if  the  leakage  is  con- 
siderable. It  seems  that  the  leakage  amounts  to  very  little ;  it 
may  change  the  calibration  slightly  out  any  leakage  is  supplied 
by  the  source  from  which  the  charge  comes.  I  must  also  say, 
the  instrument  is  a  new  one,  and  we  nave  not  had  time  to  try  it 
very  much.  And  that  answers  Prof.  Cross'  question.  We  have 
not  found  out  or  have  not  had  sufficient  experience  to  tell  how 
often  it  will  need  recalibrating. 

Respecting  the  first  swing  and  deflection,  1  have  no  doubt 
Prof.  Webster  has  tried  that  I  don't  think  we  shall  use  it  any 
longer  than  until  we  can  have  something  else  to  take  its  place. 
We  have  used  it  until  we  are  utterly  tired.  I  have  never  seen 
an  electrometer  in  which  the  first  swing  is  used  that  is  satis- 
factory. You  have  the  trouble  of  setting  up  the  telescope  and 
taking  the  reading,  if  you  want  to  read  the  voltages  by  deflection. 
Again  you  have  got  to  have  a  thousand  volts,  or  you  cannot  have 
very  large  deflections,  and  then  it  will  go  off  the  scale.  By  mak- 
ing the  torsion  of  the  suspension  wires  smaller  in  my  instrument 
you  can  turn  the  torsion  head  around  as  often  as  you  please. 

I  think  we  can  read  very  much  more  correctly  and  more  con- 
veniently than  by  taking  the  first  swing.  You  can  check  it  first 
in  this  way,  and  then  you  can  take  your  time.  You  can  read  it 
as  correctly  as  you  please.  As  to  sulphuric  acid  I  should  not 
like  to  be  compelled  to  use  it;  it  has  always  got  to  be  watched. 
I  tried  a  solution  of  zinc  sulphate  which  was  not  good.  The 
spiral,  as  you  see,  tends  to  hold  the  system  from  swinging.  Sup- 
pose it  is  not  supported  centrally  and  the  forces  are  unequal ;  the 
tendency  will  be  to  swing  it  over. 

This  spiral  serves  to  hold  the  system,  and  prevents  it  from  swing- 
ing over  altogether,  and  vou  get  rid  of  the  sulphuric  acid  which  is 
always  annoying.  Witn  a  high  voltage  that  must  be  taken  into 
account,  the  spiral  also  eliminates  the  inconstancy  of  the  zero 
due  to  surface  viscosity  of  the  liquid  used  as  a  damper. 

The  Chairman  : — The  next  paper  is  bv  Prof.  A.  G.  Webster, 
on  a  Method  of  Governing  an  Electric  Motor  for  Chronographic 
Purposes. 

Prof.  Webster  then  read  the  following  paper : 


ON  A  METHOD   OF  GOVERNING  AN  ELECTRIC 
MOTOR  FOR  CHRONOGRAPHIC    PURPOSES. 


BY  DR.  A.  G.  WEBSTER. 

Clark  University,  Worcester,  Mass. 


The  element  of  time  is  one  of  the  important  quantities  upon 
which  electrical  measurements  depend,  and  many  of  the  most 
fundamental  determinations,  such  as  the  absolute  measurement 
of  resistance,  the  determination  of  "  v,"  the  **tio  of  the  two 
electrical  units,  measurement  of  capacities  and  of  coefficients  of 
inductions,  involve  a  time-measurement  as  one  of  the  principal 
data.  The  measurement  suffers  under  the  disadvantage  that  it  can- 
not be  preserved  in  a  material  standard,  for  while  the  meter  and 
the  kilogramme  are  defined  by  prototypes  deposited  at  Breteuil,  the 
second  cannot  be  so  deposited,  nor  directly  copied.  Nevertheless, 
the  instruments  for  the  measurement  of  time  have  reached  such 
precision  in  our  astronomical  clocks  and  chronometers  that  we 
have  little  to  complain  of. 

In  electrical  measurements,  however,  the  element  of  time 
generally  enters  as  an  angular  velocity,  and  the  difficulty  enters 
iiot  with  the  clock,  but  in  the  preservation  of  the  angular  velo- 
city constant  enough  for  accurate  measurement.  Of  course,  a 
clock  is  but  an  instrument  for  preserving  a  constant  angular  velo- 
city, and  when  the  velocity  is  small,  nothing  else  is  to  be  desired. 
In  our  electrical  measurements,  however,  our  angular  velocities 
are  large,  and  clockwork  is  out  of  question.  Clocks  and  chrono- 
graphs, escapements  and  governors,  moreover  are  at  best  delicate 
and  expensive,  so  that  no  apology  is  required  for  an  attempt  to 
find  something  less  so. 

Next  to  a  clock  with  pendulum  or  balance  wheel,  a  tuning 

fork  is  a  good  time-keeper,  and  has  been  adopted,  or  what 
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amounts  to  the  same  thing,  a  reed  has  been  used  to  govern  a 
clock-train,  in  the  Hipp  chronoscope.  The  accuracy  of  the  latter 
is,  however,  not  all  that  could  be  desired.  In  electrical  measure' 
ments  the  tuning  fork  has  been  of  the  greatest  service  and  is  the 
instrument  upon  which  the  time-measurement  generally  directly 
depends,  the  fork  being  used  by  the  stroboscopic  method  to  verify 
the  constancy  of  the  angular  velocity. 

The  question  of  the  maintenance  of  the  constant  velocity  re- 
mains unanswered.  It  has  often  occurred  to  me  to  ask  why  the 
electric  motor  has  not  been  applied  in  chronographic  apparatus, 
and  it  seemed  to  me  that  this  could  often  be  done  with  material 
reduction  of  expense.  In  the  course  of  some  experiments  last 
winter,  when  it  was  necessary  to  measure  intervals  of  time  of 
the  order  of  a  thousandth  of  a  second  with  accuracy  of  one  part 
in  ten  thousand  if  possible,  so  that  an  interval  of  a  ten  millionth 
of  a  second  must  be  distinguishable,  and  high  velocities  were 
necessary,  clockwork  is  out  of  the  question,  and  I  determined  to 
try  the  motor,  and  to  attempt  to  give  it  a  positive  governor. 

The  method  adopted  was  of  such  simplicity  that  it  must  have 
occurred  to  all  present,  and  was  suggested  by  the  method  intro- 
duced by  Lord  Rayleigh,  and  elaborated  at  the  German  Reichs- 
anstalt,  for  comparing  a  tuning  fork  with  a  clock,  by  means  of 
Lacour's  Phonic  Wheel.  The  prevalence  of  the  synchronous 
alternating  current  motor  also  suggested  the  practical  means 
needed. 

Upon  the  shaft  of  a  small  motor,  carrying  a  drum  and  disk  for 
registration,  was  directly  attached  the  armature  of  a  smaller 
motor  arranged  as  an  alternator,  with  separately  excited  field 
magnets.  The  current  for  the  armature  of  the  latter  was. made 
alternating  by  a  commutator  arrangement,  composed  of  mercury 
cups  and  wires  carried  by  the  prongs  of  an  electrically  maintained 
tuning  fork.  The  direct-current  motor  was  now  run  up 
to  synchronism,  in  hopes  that  the  alternator  would  fall  into  step 
with  the  tuning-fork,  aud  be  automatically  governed.  As  it  is 
obviously  out  of  the  question  to  pass  more  than  a  very  small  cur- 
rent through  a  mercury  break,  the  question  of  phase  is  equally 
important  with  that  of  synchronism,  and  it  was  at  first  found 
impossible  to  make  the  governor  work  at  all.  It  was  soon  found 
that  an  alternating  current  was  not  necessary,  but  that  an  inter- 
mittent current  would  serve  as  well,  so  one  of  the  reversed  cur- 
rents was  left  out,  and  the  complicated  commutator  on  the 
tuning-fork  was  reduced  to  a  simple  break. 
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In  order  to  throw  on  the  governing  current  at  the  right  phase, 
a  mirror  was  placed  upon  the  end  of  a  shaft,  so  that  its  normal 
was  slightly  inclined  to  the  direction  of  the  axis,  and  that  a  point 
of  light  would  be  seen  as  a  continuous  circle.  A  glow  lamp 
reflected  in  a  mirror,  carried  by  the  governing  tuning-fork  with 
an  interposed  slit,  was  looked  at  in  this  mirror,  and  instead  of  a 
continuous  circle  of  light  there  was  then  seen  a  number  of  bright 
arcs,  which  diminished  as  the  speed  of  the  motor  was  brought  up 
to  synchronism.  When  the  number  of  arcs  is  reduced  to  tjvo, 
synchronism  is  attained,  if  the  arc  stands  still ;  in  practice,  how- 
ever, by  means  of  a  fluid  rheostat  in  the  circuit  of  the  field 
magnets  of  the  driving  motor  the  speed  is  made  gradually  to 
vary,  so  that  the  arcs  revolve  slowly,  and  when  a  part  of  the 
revolution  is  reached  that  a  few  trials  show  to  denote  the  proper 
phase,  the  governing  current  is  thrown  on,  and  the  apparatus  runs 
controlled,  and  the  arcs  of  light  stand  perfectly  still*  In  order 
to  give  instant  notice  of  a  failure  of  the  governor,  a  telephone 
was  placed  across  the  terminals  of  the  armature,  which  spoke  up 
in  stentorian  tones  of  beats  on  the  least  divergence  from  syn- 
chronism, so  that  the  observer  would  be  recalled  even  from  the 
farthest  part  of  the  next  room.  An  ampere-meter  also  showed 
by  the  presence  or  absence  of  oscillations  corresponding  to  the 
beats  when  the  governor  was  acting  properly.  The  motor  which 
I  used  for  driving  was  capable  of  giving  out  one-third  of  a  horse 
power,  and  the  number  of  revolutions  was  32  per  second.  The 
tuning-fork  was  a  large  electro-magnetic  fork  by  Konig,  carrying 
a  steel  mirror,  and  a  sliding  weight. 

In  order  to  make  sure  whether  the  frequency  of  the  tuning- 
fork  was  influenced  by  the  controlling  current,  a  large  free  fork 
was  set  up  near  by  and  was  frequently  bowed  and  compared  with 
the  electro-magnetic  fork  by  means  of  Lissajou's  figures.  No 
difference  was  ever  detected  whether  the  governing  current  was 
on  or  off,  although  a  difference  of  one  part  in  twenty  thousand 
could  have  been  detected. 

The  accuracy  of  governing  by  thi6  method  is  of  course  only 
limited  by  the  constancy  of  the  frequency  of  the  electro-magnetic 
fork.  In  my  experiments  this  generally  amounts  to  about  one 
part  in  ten  or  fifteen  thousand,  but  I  have  no  doubt  that  by  the 
exercise  of  proper  precautions  it  could  be  made  much  greater. 
This  method  dispenses  with  the  'services  of  one  observer,  and 
gives  a  marked  increase  in  the  accuracy  of  the  determination  of 
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angular  velocity,  one  of  the  most  troublesome  measurements  con- 
cerned in  electrical  measurements,  so  that  I  am  left  to  hope  that 
it  may  prove  of  practical  utility  in  future  determinations. 


As  there  was  no  discussion  on  Prof.  Webster's  paper  the  Sec- 
retary, Lieut.  Keber,  then  read  the  following  paper,  the  author 
himself  not  being  present : 


IRON  FOR  TRANSFORMERS. 


BY  PROF.  J.  A.  EWING,  F.  R.  8.,  CAMBRIDGE,  ENG. 


In  selecting  iron  for  use  in  the  core  of  a  transformer,  the 
first  consideration  is  smallness  of  hysteresis  losses ;  high  perme- 
ability is  comparatively  a  secondary"  desideratum.  These  two 
good  qualities  do  not  necessarily  go  together ;  the  curve  of  the 
B-H  cycle  may  have  a  relatively  easy  slope,  and  yet  enclose  a 
relatively  small  area.  In  actual  tests  the  author  has  noticed  that 
the  order  of  merit  in  a  set  of  samples  is  not  always  the  same  if 
permeability  be  made  the  criterion  as  it  is  if  smallness  of  hyster- 
esis losses  be  the  criterion. 

Notwithstanding  the  obvious  and  well  recognized  importance 
of  small  hysteresis  losses  in  transformer  iron,  the  metal  that  is 
actually  used  is  often  of  a  very  poor  quality  in  this  respect.  The 
author  has  been  much  struck  by  this  in  the  course  of  a  recent 
experimental  inquiry,  in  which  ten  or  a  dozen  specimens  of  iron 
were  examined,  most  of  which  were  supplied  either  as  transformer 
iron  or  as  specially  pure  metal  prepared  for  the  purpose  of  the 
experiment.  In  only  one  case  were  the  hysteresis  losses  as  low 
as  they  had  been  found  to  be  in  some  wire  which  the  author 
tested  in  1881,  in  the  laboratory  in  the  University  of  Tokyo,  and 
in  most  cases  the  losses  were  much  greater.  In  the  Japanese 
tests  which  were  made  before  the  days  of  alternate  current  en- 
gineering, when  the  word  hysteresis  was  to  be  found  nowhere 
but  in  the  Greek  dictionary,  wires  were  taken  at  random  from 
the  stock  which  the  laboratory  chanced  to  furnish.  Two  of  them 
were  about  equally  good  ;  one  of  them  was  probably  a  piece  of 
native  iron,  and  the  other  was  wire  sent  by  an  American  manu- 
facturer to  an  exhibition  in  Japan.     Since  then  many  observers 
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have  made  tests,  and,  obtaining  decidedly  inferior  results,  have 
not  unnaturally  been  led  to  express  themselves  in  terms  of  polite- 
ly veiled  skepticism  about  the  Japanese  figures.  It  is,  therefore, 
interesting  to  notice  that  one  sample  among  those  most  recently 
tested  by  the  author  has  given  results  which  are  substantially  on 
a  par  with  those  given  by  the  Japanese  wires.  Under  strong 
magnetization  it  is  not  quite  so  good,  but  when  the  magnetization 
is  moderate  or  weak  there  is  practically  no  difference.  The 
sample  in  question  was  thin  sheet  iron,  used  by  a  well  known 
English  firm  in  the  building  of  their  transformers.  But  the 
corroboration  of  the  old  figures,  interesting  as  it  is,  only  serves 
to  emphasize  the  contrast  between  the  good  and  the  bad.  Other 
iron,  also  used  by  eminent  makers  of  transformers,  and  also,  like 
the  last,  carefully  annealed  before  testing,  turned  out  so  markedly 
inferior  that  the  author  does  not  care  to  indicate  the  sources  of 
his  specimens  by  any  more  particular  description.  And  the  case 
was  even  worse  with  some  iron  supplied  as  specially  soft  and 
pure. 
The  following  figures  may  be  taken  as  representative.     They 

give  the  value  of   /  H  dl,  or  the  hysteresis  loss  incurred  in  a 

complete  cycle  of  magnetic  reversal,  for  various  values  of  the 
magnetic  induction  B  which  is  reversed.  Column  1  states  the 
results  of  one  of  the  old  Japanese  tests ;  column  2  refers  to  the 
good  sheet  iron  mentioned  above,  and  column  3  refers  to  another 
specimen  of  transformer  metal,  where  it  will  be  seen  the  losses 
are  about  half  as  great  again  as  in  the  other.  Column  4,  where 
the  losses  are  much  greater  still,  relates  to  a  test  of  some  wire 
which  was  furnished  as  a  specimen  of  particularly  fine  Swedish 
charcoal  iron. 

Table  of  Hysteresis  Losses. 


B 

Values  olfHdl. 

X 

a 

3 

4 

aooo 
3«k> 
4000 
5000 
6000 
7000 
8000 
9000 

ICOOO 

1 1000 
12000 

400 
780 

X2O0 
l68o 

aaoo 
2800 

343o 
4160 
4920 
5800 
6700 

420 

800 

1260 

1770 

2370 

3«5o 
3940 
4800 

573o 
680  :> 

8000 

600 

1150 
X780 
2640 
336o 
4300 
5300 
6380 

75*> 

8730 
10070 

1  too 

2150 

3300 
4700 

6200 
7800 
9500 

11400 

13400 

15600 
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The  figures  given  by  Mr.  C.  P.  Steinmetz  in  his  paper  on  the 
Law  of  Hysteresis  {Am.  Inst  Elect  Engrs.  1892)  give  additional 
evidence  of  the  wide  variation  which  this  quality  is.  liable  to 
exhibit  in  different  specimens  of  nominally  soft  iron. 

Chemical  analysis  is  apparently  an  imperfect  guide  in  the  esti- 
mation of  magnetic  quality,  and  to  some  extent  this  is  intelligible 
enough.  Puddled  iron,  for  instance,  liberally  streaked  with  slag, 
may  seem  on  analysis  less  pure  than  specimens  of  ingot  metal 
which  have  much  higher  hysteresis  losses.  It  is  not  improbable 
that  much  of  the  inferiority  of  which  most  modern  sheet  and 
wire  iron  undoubtedly  shows  in  this  respect  may  be  due  to  traces 
of  foreign  elements  which  have  become  chemically  incorporated 
with  the  metal  through  the  use  of  methods  of  manufacture  which 
are  ill  adapted  to  yield  a  good  product  from  the  magnetic  point 
of  view,  however  successful  they  are  in  producing  a  mechanically 
good  iron.  Manganese,  so  essential  to  the  strength  and  tough- 
ness of  ingot  iron,  is  well  known  to  be  deleterious  magnetically. 
The  makers  of  transformers  complain  that  they  are  unable  to 
get  metal  of  the  quality  they  want  except  by  a  kind  of  happy 
accident,  that  the  conditions  which  bring  about  a  good  result  are 
so  imperfectly  understood  that  they  cannot  be  reproduced  with 
any  certainty.  Much  of  the  same  thing  was  true  in  the  early 
days  of  mild  steel,  and  incessant  testing  contributed  to  put  mat- 
ters on  a  surer  footing.  Magnetic  testing  is  now  easy  for 
makers  as  well  as  users  of  iron,  and  it  may  be  expected  that 
specifications  of  magnetic  quality,  and  particularly  of  hysteresis 
losses,  will  soon  become  commoner  than  they  are.  From  being 
a  mere  laboratory  affair,  interesting  only  to  the  curious  physicist, 
the  subject  has  in  a  few  years  advanced  to  the  front  rank  of 
practical  questions,  and  affects  wide  commercial  interests. 

The  form  and  general  design  of  transformers  has  received  all 
possible  attention  at  the  hands  of  engineers,  but  of  the  material 
which  mainly  determines  their  efficiency  we  apparently  know 
very  little.  It  is  scarcely  satisfactory  to  reflect  that  good  makers 
are  turning  out  machines  which  waste  twice  as  much  power  as 
thev  need  waste. 

The  author  brings  these  remarks  before  the  Congress  in  the 

hope  that  some  suggestions  may  be  made  which  will  lead  to  a 

better  understanding,  as  between  electricians  and  iron-makers,  of 

the  conditions  which  govern  the  production  of  magnetically  soft 

iron. 
Julv,  1893. 
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It  was  voted  that  a  recess  be  taken  till  12  o'clock.  On  re- 
assembling the  Chairman  said : 

It  is  now  past  the  hour  at  which  we  were  to  re-assemble,  and 
Prof.  Jamieson  will  read  his  paper,  entitled  "  London  Electrical 
Engineering  Laboratories." 

Prof.  Jamieson  : — The  title  of  this  paper  as  on  the  programme 
is  not  exactly  correct.  I  was  astonished  to  find  my  name  put  down 
for  a  paper  on  "  London  Electrical  Engineering:  Laboratories  " 
when  I  arrived  at  Chicago.  I  simply  hinted  m  a  letter  that  I 
had  a  few  notes  on  such  a  subject,  and  my  name  was  put  down, 
and  I  had  to  write  this  paper  in  the  last  two  evenings  in  my  hotel. 

Prof.  Andrew  Jamieson  then  read  the  following  paper : 


LONDON  ELECTRICAL  ENGINEERING 

LABORATORIES. 


BY  PBOF.  ANDREW  JAMIE80N,  M.  INST.  C.  E.,  F.  B.  8.  E.,  ETC. 

Glasgow  Technical  College,  Scotland. 


I.   Advantages  of  College  Laboratories  and  Workshops. 

The  teaching  of  engineering  in  its  various  sub-divisions  (civil, 
mechanical,  electrical,  chemical  and  mining  engineering)  has  been 
greatly  improved  of  late  by  the  addition  of  laboratory  and  work- 
shop practice  to  the  class  room  lectures  and  demonstrations.  This 
is  more  especially  evident  with  electrical  engineering,  for  in  this 
branch  not  only  the  most  delicate  apparatus,  such  as  electro- 
meters and  galvanometers,  but  also  all  kinds  of  commercial  in- 
struments for  measuring  strong  currents  and  high  pressures  may 
be  so  fitted  in  a  college  laboratory  as  to  enable  students  to  obtain 
a  thorough  knowledge  of  their  construction  and  action,  together 
with  the  results  derivable  therefrom.  In  addition  to  instruction 
given  by  the  aid  of  such  physical  appliances,  it  is  possible  to 
.teach  students  to  turn,  file,  fit  and  solder  metals,  how  to  joint 
wires  and  cables  for  telegraph,  telephone  and  electric  light  cir- 
cuits, as  well  as  how  to  test  and  manipulate  the  various  instru- 
ments connected  therewith.  Further,  when  space  and  funds  are 
available,  steam  engines  and  boilers,  gas  and  oil  engines,  con- 
tinuous and  alternate  current  dynamos,  accumulators,  lamps, 
transformers  and  motors  may  be  readily  accomodated  and  so 
placed  at  the  disposal  of  students  that  they  can  sketch,  manipu- 
late, investigate  and  report  upon  them,  with  a  freedom  such  as  no 
engineering  works  would  tolerate  or  could  afford  to  give  to  their 
apprentices.  In  a  college  laboratory  it  is  also  possible  to  give 
students  a  more  thorough  insight  into  the  changes  which  elec- 
trical engineering  appliances  have  undergone  during  the  rise  and 

220 


JAMIESON  ON  ELECTRICAL  LABORATORIES  221 

progress  of  the  science,  than  in  a  commercial  workshop,  as  well 
as  into  the  modifications  desirable  under  different  conditions  and 
circumstances.  For  example,  the  college  engine  may  be  worked 
and  tested  as  a  simple,  compound  or  triple  expansion  engine, 
with  or  without  condensation,  with  jet  or  surface  condensers, 
with  or  without  steam  jackets,  and  under  all  practicable  grades 
of  expansion  and  velocities,  etc. ;  the  continuous  current  dyna- 
mos may  be  run  separately  excited,  or  as  series  shunt,  or  com- 
pound machines,  and  the  different  characteristic  curves  plotted. 
The  armatures  may  be  supplied  with  a  search  coil  and  with  dif- 
ferent anti-sparking  devices.  Alternate  current  dynamos,  motors 
and  transformers  may  have  their  fields,  speeds,  phases  and  fre- 
quencies altered  to  any  desired  extent.  Primary  and  secondary 
cells  may  be  joined  in  series  or  in  parallel  and  treated  kindly  or 
run  to  death,  all  for  the  instruction  of  the  student  and  the  ad- 
vancement of  knowledge.  Whereas  in  a  commercial  workshop 
the  apprentice  may  only  have  one  or  two  types  brought  under 
his  notice,  and  in  a  very  few  places  will  he  be  permitted  to  ex- 
periment with  or  alter  the  original  design,  even  to  the  smallest 
detail. 

Of  course  a  student  must  not  depend  entirely  upon  the  labora- 
tory and  class  room  for  his  complete  training.  Otherwise  he 
will  lack  the  necessary  knowledge  of  h<no  to  use  mate7*ials^  tools 
and  men  to  the  best  pecuniary  advantage.  He  should  endeavor 
to  combine,  supplement  or  prepare  for  his  college  education  by 
an  apprenticeship  in  a  good  mechanical  or  electrical  engineering 
workshop.  In  any  case  this  apprenticeship  need  not  be  so  long 
or  so  arduous  as  it  would  otherwise  be  without  a  college  training; 
more  especially  if  his  teachers  are  men  who  have  themselves 
undergone  a  complete  course  of  workshop  instruction,  and  who 
are  not  only  conversant  with  the  latest  developments  of  mechani- 
cal and  electrical  engineering,  but  who  are  in  touch  with  installa- 
tions and  works  so  that  they  can  take  their  students  to  the  same, 
and  thereby  instruct  them  in  their  everyday  working  details. 

There  are  many  young  men  upon  whom  a  complete  day-class 
college  education  would  be  thrown  away.  We  must  have 
"  hewers  of  wood  and  drawers  of  water."  These  must  of  neces- 
sity go  through  the  regular  mill  of  five  or  six  years  continuous 
apprenticeship,  picking  up  as  best  they  can  the  various  workshop 
details  and  the  requisite  skill  of  hand  and  eye  to  make  a  good 
workman.     The  more  intelligent  and  ambitious  will  no  doubt 
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Avail  themselves  of  evening  science  classes,  and  may  thus,  in  fact 
they  often  do,  out-strip  their  more  fortunate  competitors.  If  a 
lad  has  the  pecuniary  means  and  if  his  heart  is  thoroughly  bent 
upon  rising  to  the  higher  positions  of  their  trade  or  profession, 
and  if  he  is  at  the  same  time  endowed  with  a  fair  talent  for 
mathematics  and  drawing,  he  will  undoubtedly  find  that  a  com- 
bined day-class  college  and  workshop  training  pays  best  in  the 
long  run.  Employers  of  labor,  more  especially  in  the  United 
States  of  America,  are  now  only  too  glad  to  avail  themselves  of 
cultured  intelligence,  provided  that  it  is  combined  with  a  willing- 
ness to  do  at  once  exactly  as  told,  and  the  keeping  of  regular 
hours.  If  such  qualities  are  wanting  in  a  college  trained  youth, 
then  the  employer  will  naturally  push  on  and  give  preference  to 
the  less  educated  but  more  thoroughly  broken  in  workshop 
apprentice  to  the  chagrin  and  disappointment  of  the  former. 

II. — Should  a  College  Training  Precede,  Be  Combined  With 

or  Follow  an  Apprenticeship  ( 

This  is  the  vexed  question  which  has  been  receiving  unremit- 
ting attention  in  Great  Britain  ever  since  the  introduction  of 
technical  schools  and  colleges.  Personally  I  have  given  it  a  great 
deal  of  thought  and  care,  and  to  this  day  I  treat  each  case  as  it 
comes  before  me,  upon  its  merits.  In  the  discussion  which  fol- 
lows the  reading  of  this  paper,  I  hope  that  we  shall  have  the 
views  of  the  commercial  engineers  and  the  professors  of  this 
country,  a  country  which  has  exhibited  more  go-aheadness  than 
any  other  in  certain  lines  of  engineering.  We  still  have  in  the 
old  country  many  engineers  who  sneer  at  a  college  education, 
and  who  place  little  or  no  value  on  diplomas  and  degrees.  They 
say  that  no  one  can  become  a  thoroughly  useful  practical  engineer 
unless  he  serves  a  complete  apprenticeship  in  their  shops,  of  at 
least  Jive  continuous  years.  Some  of  them  even  object  to  their 
apprentices  attending  evening  classes,  for  fear  that  they  will  not 
start  work  at  6  a.  m.  They  say  that  they  went  through  the  mill 
and  rose  to  their  present  position  without  any  such  lectures  and 
laboratory  practice.  They  boast  that  they  can  still  take  off  their 
coats  and  show  their  workmen  how  to  set  about  a  job.  They 
relate  how  they  have  gained  their  experience,  and  how  they 
know  whether  a  machine  will  turn  out  a  success  or  not.  Thev 
entirely  ignore  the  fact  that  a  very  great  deal  of  their  slowly 
gained  experience  may  be  "  boiled  down  "  and  given  in  a  concise, 
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palatable  form  to  the  rising  generation.  Moreover,  6uch  men 
persist  in  appointing  as  foremen  and  managers  great  burly  "  rule 
of  thumb  "  fellows,  who  can  push  on  the  work  and  who  are  not 
slow  at  using  the  big,  big  D,  in  order  to  stimulate  and  draw  forth 
the  elbow-grease  of  their  workmen.  Now  we  must  not  ignore 
or  despise  the  opinions  of  such  men,  for  they  are  in  earnest,  and 
they  can  (owing  to  their  wealth,  influence  and  numbers)  seriously 
hamper  the  prosperity  of  a  technical  college.  We  should  rather 
endeavor  to  induce  them  to  try  some  of  our  more  intelligent  schol- 
ars. From  thirteen  years'  experience  I  have  found  that  if  you 
can  only  plant  a  bright,  intelligent,  well  educated  youth  with  an 
engineer  of  the  aforesaid  description,  he  will  take  his  pennyworth 
out  of  him,  and  although  he  may  be  slow  to  acknowledge  the 
error  of  his  ways,  he  will  be  glad  to  see  you  back  again  with  a 
similar  application.  I  believe  that  in  a  short  time  employers  of 
labor  and  professors  will  see,  eye  to  eye,  in  this  important  ques- 
tion. My  own  opinion  is  that  in  the  case  of  a  youth  whose 
parents  are  fairly  well  oil,  the  lad  should  first  receive  a  sound 
English  education.  If  he  is  of  a  fidgetty  or  conceited  disposition, 
prone  to  change,  and  to  iiddling  away  his  time  in  making  toy 
models  of  steam  engines  or  dynamos,  he  should  begin  with  the 
works,  so  as  to  tame  and  lick  him  into  shape.  If,  on  the  other 
hand,  he  is  of  a  steady,  thoughtful,  observant  temperament,  pos- 
sessing good  mathematical  abilities,  he  should  commence  with 
the  college.  The  best  plan  of  all  is,  however,  to  combine  the 
two  methods.  In  this  respect  we  are  perhaps  more  fortunate  in 
Scotland  than  in  almost  any  other  part  of  the  w^orld,  for  our 
session  is  concentrated  into  winter  months.  We  have  thus  the 
opportunity  of  testing  the  character  of  our  students  during  the 
first  session,  and  of  advising  them,  their  parents  and  their  proba- 
ble employers  whether  they  should  come  back  to  us  for  the 
second  and  third  year  courses,  or  finish  their  apprenticeship  right 
away  before  returning  to  the  college.  Such  an  arrangement 
works  admirably,  for  should  the  student  be  of  the  right  sort,  he 
spends  six  months  at  the  college  and  five  months  at  the  works 
each  year  for  three  years,  finishing  oflE  with  two  years  at  the 
works,  and  at  the  higher  evening  classes,  which  are  specially 
suited  to  the  requirements  of  senior  apprentices  and  draftsmen. 
To  this  happy  combination  of  theory  and  practice,  as  well  as  to 
the  porridge  and  milk  of  Scotland,  I  attribute  the  success  of  our 
students.     Since  starting  from  the  Clyde,  I  have  met  and  heard 
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of  many  of  them  occupying  responsible  positions  on  this  conti- 
nent, and  we  shall  be  glad  to  furnish  as  many  more  as  you  may 
see  fit  to  employ.  Fortunately  for  us  in  Scotland,  premiums  are 
the  exception  rather  than  the  rule,  as  in  England.  A  lad  is 
taken  on  for  what  he  is  worth,  without  any  binding  indenture. 
Premium  pupils  are  considered  a  perfect  nuisance.  A  small 
wage  is  paid  to  every  apprentice,  and  he  is  retained  or  expelled 
.  at  a  week's  notice.  If  he  is  earnest,  diligent  and  a  good  time- 
keeper it  is  to  the  employer's  interest  to  retain  him.  If  he  can 
draw  and  calculate  accurately,  it  is  to  his  interest  to  promote  him 
to  the  drawing  office.  In  fact,  several  of  our  best  Clyde  firms, 
notably  the  Messrs.  Drury  of  Dunbarton,  and  Napiers  of 
Glasgow,  etc.,  hold  a  special  investigation  for  admission  into  their 
drawing  offices,  which  investigation  takes  into  account  the  pre- 
vious work  and  conduct  of  the  pupil,  and  hence  our  college 
paying  students  stand  a  better  chance  of  such  promotion  than 
ordinary  lads  who  have  not  had  such  advantages. 

III.   London  Electrical  Engineering  Laboratories. 

It  was  my  good  fortune  to  spend  about  a  fortnight  this  summer 
visiting  the  London  Electrical  Engineering  Laboratories,  with  a 
view  to  improving  my  own  one  in  Glasgow.  In  every  instance 
I  met  with  the  greatest  courtesy  and  kindness,  which,  I  may  here 
add,  has  also  been  notably  the  case  when  visiting  the  various 
works  in  this  country.  We  form,  I  believe,  one  common  engineer- 
ing brotherhood,  and  whenever  the  request  for  information  does 
not  directly  clash  with  our  own  individual  interests,  we  are,  as 
engineers  and  electricians,  only  too  pleased  to  show  the  right 
hand  of  fellowship  to  a  brother  worker,  and  to  extend  to  him 
any  help  that  lies  in  our  power. 

Seeing  that  a  combined  college  and  workshop  training  need 
not  occupy  more  time  than  a  five  years'  apprenticeship  of  the 
old  type,  and  considering  the  fact  that  employers  of  laborers 
are  of  necessity  being  gradually  forced  by  competitive  circum- 
stances to  employ  technically  educated  assistance,  it  is  not  to  be 
wondered  at  that  in  the  metropolis  (which  is  still  the  great  centre 
of  our  electrical  industries),  there  should  have  been  started  many 
electrical  engineering  laboratories  and  science  classes.  These 
laboratories  are  to  be  found  in  connection  with  institutions  and 
colleges  where  the  other  collateral  subjects  forming  a  complete 
curriculum  are  also  taught,  so  that  a  youth  may  receive  as  com- 
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plete  a  scientific  training  as  possible..  Some  of  them  are  well 
endowed,  and  are  therefore  able  to  charge  nominal  fees,  whilst 
others,  having  no  endowments  whatever,  are  under  the  necessity 
of  charging  what  we  in  Scotland  would  deem  very  high  rates  for 
instruction.  In  all  of  them,  however,  there  seems  to  be  no  lack 
of  pupils.  Each  laboratory  has  a  distinct  character  of  its  own, 
appealing  to  a  certain  class  of  students.  Undoubtedly  the  best 
equipped  electrical  engineering  laboratory  in  London,  or  in  Great 
Britain,  for  that  matter,  is  that  conducted  by  Prof.  Ayrton,  at 
the  Central  Institution  of  the  City  and  Guilds  of  London  for  the 
advancement  of  technical  education.  The  students  who  elect  to 
go  in  for  the  full  three  years'  course  receive  the  same  theoretical 
instruction  during  their  first  and  second  session  as  those  attend- 
ing the  mechanical  engineering  laboratory  under  Prof.  Unwin. 
In  their  third  year  they  devote  their  attention  wholly  to  elec- 
tricity and  its  applications.  In  the  basement  of  the  building  there 
is  a  boiler,  engine  and  dynamo  room,  with  a  power  testing  room 
adjoining  the  same.  These  rooms  are  fitted  with  all  the  most 
recent  instruments  of  precision  for  measuring  the  consumption 
of  fuel  and  steam,  and  the  etiiciences  of  the  engines,  dynamos 
and  motors.  In  addition  to  this  testing  room  there  are  three 
large  electrical  engineering  research  laboratories,  together  with 
special  departments  for  investigating  problems  on  light,  heat, 
sound  and  magnetism.  Two  workshops,  with  skilled  mechanics, 
furnish  the  more  immediate  wants  of  the  various  laboratories, 
and  also  serve  as  a  means  for  training  the  students  in  jointing, 
etc. 

Finally,  there  is  a  very  convenient  lecture  room,  with  ante-room 
for  apparatus,  and  a  professors*  room.  During  the  third  session 
students  are  encouraged  to  carry  out  original  research  work.  The 
result  of  this  graduated  system  of  instruction  may  be  gauged  by 
several  papers  of  the  highest  merit  brought  before  the  learned 
societies  by  the  professor  and  his  more  advanced  pupils.  I  be- 
lieve that  to-morrow  morning  in  this  place  you  will  have  one  of 
these  papers  submitted  to  you  by  Prof.  Ayrton,  containing  a 
most  elaborate  series  of  observations  on  the  "  Variation  of  the 
Potential  Difference  of  the  Electric  Arc  with  Current,  Size  of 
Carbons  and  Distances  Apart,"  that  will  better  exemplify  than 
any  words  of  mine  the  manner  in  which  he  gets  his  students  to 
investigate  practical  problems  of  the  highest  interest  and  utility. 
These  students  come  from  every  part  of  the  globe,  even  from 
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the  United  States.  I  have  not  the  slightest  hesitation  in  stating 
that  any  student  who  has  passed  through  a  technical  school  or 
university  college  course  might  spend  a  session  most-  profitably 
in  finishing  at  this  extensive  and  well  organized  laboratory. 

Next  in  importance,  and  appealing  to  the  same  class  of  students, 
viz.,  those  who  are  desirous  of  taking  a  prominent  position  in  the 
electrical  engineering  world,  is  that  of  the  "  Sir  William  Siemens' 
Laboratory,"  presented  to  King's  College,  London,  by  Lady 
Siemens,  in  memory  of  her  late  husband.  It  is  presided  over  by 
Prof.  Dr.  John  Hopkinson,  who  has  done  as  much  as  any  one 
*  for  the  higher  advancement  of  electrical  engineering.  It  is 
divided  into  two  portions,  viz.,  the  boiler,  engine  and  dynamo 
testing  room,  situated  in  a  vault  next  to  the  Thames'  embank- 
ment, and  the  research  laboratory  at  the  uppermost  Strand  end 
of  the  College.  Here  there  is  only  room  for  comparatively  few 
students,  but  the  apparatus  is  so  good  and  new  that  any  one  will 
obtain  an  excellent  training,  more  especially  in  that  department 
of  the  science  to  which  Dr.  Hopkinson  has  devoted  special  atten- 
tion, viz.,  the  magnetic  circuit  of  dynamos  and  transformers. 

In  the  end  of  May  and  the  beginning  of  June  of  this  year  the 
several  British  engineering  journals  gave  very  complete  illustrated 
descriptions  of  the  new  mechanical  and  electrical  engineering 
laboratories  which  have  just  been  erected  and  are  now  being 
equipped  in  University  College,  London,  at  a  total  cost  of 
£20,000.  The  first  engineering  laboratory  of  any  consequence 
in  Great  Britain  was  started  by  Prof.  Kennedy  in  this  College  in 
1878.  It  gave  an  impetus  to  all  similar  institutions,  and  seeing 
the  progress  has  been  so  very  rapid  in  this  direction,  it  speaks 
well  for  the  governors  of  their  college  that  they  have  not  rested 
content  with  what  they  had,  but  boldly  appealed  to  the  friends 
of  the  college  and  to  the  public  for  funds.  They  have  specified 
for  a  set  of  laboratories  which  they  hope  will  be  second  to  none 
in  the  country.  Most  certainly,  if  Prof.  Fleming  can  have  his 
own  way,  he  will  desire  to  instruct  his  students  both  by  lectures 
and  laboratory  practice  in  all  the  latest  and  best  ideas  on  alternate 
current  generation,  transmission  and  transformation,  which  sub- 
ject he  has  made  a  special  study,  and  written  as  well  as  lectured 
much  to  the  great  advantage  of  the  electrical  world  at  large.  We 
now  come  to  Finsbury  Technical  College,  presided  over  by  Prof. 
Dr.  S.  P.  Thompson.  He  takes  immediate  charge  of  the  elec- 
trical department,  which  has  five  distinct  laboratories.     One  of 
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these  is  of  special  interest,  as  nowhere  else  did  I  find  anything 
like  it  of  the  kind  in  conception  or  extent.  It  is  devoted  entirely 
to  the  electro-deposition  and  electro-plating  of  metals,  which  is  a 
very  large  and  remunerative  business  in  London.  Here  are  to 
be  found  vats  for  the  deposition  of  gold,  silver,  nickel,  copper, 
etc.,  with  all  the  necessary  appliances  for  producing  the  molds 
and  for  finishing  off  the  deposited  metals,  as  well  as  for  testing 
the  quality  of  the  solutions.  Some  very  pretty  and  original  work 
has  been  done  in  this  laboratory.  I  was  glad  to  see  that  Prof. 
Thompson  had  secured  the  service  of  a  thoroughly  experienced 
electro-plater  to  take  charge  of  this  department  under  him.  In 
fact,  what  struck  me  most  forciblv  in  connection  with  all  the 
laboratories  in  London  was  this,  that  the  assistants  were  men  of 
experience,  well  paid  for  their  services,  and  not  merely  green 
pupil  teachers,  depending  upon  a  mere  pittance  and  a  certificate 
from  their  professor  as  a  recompense  for  their  work.  Of  course 
such  highly  paid,  skilled  assistance  can  only  be  obtained  in  well 
endowed  institutions,  such  as  under  the  City  and  Guilds  of  Lon- 
don, of  which  Finsbury  College  is  one.  This  College  is  divided 
into  two  distinct  sections.  The  day  classes  for  those  of  fourteen 
years  and  upwards,  who  pass  a  stiff  preliminary  examination,  and 
are  prepared  to  devote  one,  two  or  three  years  to  systematic 
technical  education.  The  evening  classes  are  for  those  who  are 
engaged  in  industrial  or  commercial  occupations  during  the  day- 
time, and  who  wish  to  improve  their  knowlege  in  the  science  or 
art  of  their  calling.  The  same  laboratories  are  used  for  both  the 
day  and  for  the  evening  students,  which  is  a  pity,  as  it  is 
found  to  be  a  great  tax  on  the  rooms,  on  the  apparatus  and 
the  teachers.  This  college  affords  a  preliminary  training  for  the 
higher  classes  of  the  Central  Institution  on  Exhibition  Road, 
South  Kensington.  It,  however,  goes  sufficiently  far  for  most 
youths,  especially  in  the  mathematical  treatment  of  the  subject. 
The  boilers  and  engines  (both  steam  and  gas),  as  well  as  the 
dynamos,  are  very  complete  from  an  educational  point  of  view, 
but  the  opportunities  for  experimental  research  are  of  necessity 
limited  by  the  age  of  the  pupils  and  the  difficulty  of  having  to 
accomodate  such  an  overflowing  number  of  applicants  into  both 
the  day  and  the  evening  classes.  We  must  not  forget  to  mention 
the  Royal  College  of  Science,  South  Kensington,  or  what  is  gener- 
ally known  as  the  Science  and  Art  Department.  Although  the 
laboratory  there  is  more  of  the  nature  of  the  Kelvin  Laboratory 
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at  oar  Glasgow  University,  or  the  Andersonian  Laboratory  at 
our  Technical  College  under  Prof.  Blyth  ;  being  devoted  more 
to  pure  than  to  applied  electricity,  yet  some  very  original,  inter- 
esting and  instructive  researches  have  been  carried  out  in  it  by 
Prof.  Boys,  which  have  been  of  great  use  to  electrical  engineers. 
The  apparatus  here  is  good  of  its  kind,  but  the  laboratory  is 
by  far  too  cramped.  Rumor,  however,  has  it  that  the  British 
Government  have  secured  an  extensive  site  opposite  the  Imperial 
Institute,  where  they  intend  to  erect  physical  and  electrical 
laboratories  worthy  of  the  high  position  which  they  wish  their 
college  to  attain,  as  the  pattern  of  all  such  laboratories,  under 
their  supervision,  throughout  the  length  and  breadth  of  the 
United  Kingdom  and  Ireland.  Their  space  and  money  have 
been  largely  spent  hitherto  in  providing  rooms,  cases  and  speci- 
mens of  art,  to  the  exclusion  of  physical  science  and  its  applica- 
tion :  but  if  they  are  to  keep  abreast  of  the  times  they  must  now 
devote  a  considerable  sum  to  the  latter  cause.  You  may  wander 
for  hours  through  the  unique  collection  of  pottery,  carvings,  etc., 
etc.,  and  scarcely  meet  a  person  who  is  studying  them  with 
effect ;  wheras  their  science  class  rooms  are  as  full  as  they  can 
hold,  but  without  the  requisite  laboratory  accommodations  and 
appliances  to  give  proper  effect  to  the  instructions  of  the  learned 
professors.  At  the  Faraday  House,  Charing  Cross  Road,  there 
is  an  institution  of  a  different  kind  from  any  we  have  mentioned. 
It  is  called  "  The  Electrical  Standardizing,  Testing  and  Training 
Institution."  The  objects  of  this  institution  are  very  tersely  set 
forth  in  their  prospectus  (which  I  now  hold  in  my  hand),  and 
which  may  be  obtained  from  the  principal,  Mr.  Hugh  Erat 
Harrison.  The  fees  are  105  pounds  per  annum.  It  is  therefore 
suited  to  the  sons  of  rich  men,  who  may  have  a  bent  for  electrical 
pursuits,  or  who  may  desire  to  succeed  to  a  partnership  after 
they  have  gained  some  electrical  knowledge.  It  is  backed  by 
several  engineering  companies  and  men  of  position  in  the  elec- 
trical world.  The  apparatus  and  the  instruction  appear  to  be 
sound  and  good  as  far  as  they  go,  and  the  pupils  have  the  addi- 
tional advantage  of  assisting  those  engaged  in  the  standardizing 
laboratory,  or  of  being  specially  appointed  to  work  when  their 
theoretical  training  has  reached  a  certain  approved  stage.  Be- 
sides the  standardizing  laboratory  there  are  private  rooms  set 
apart  for  inventors  who  are  not  able  to  procure  continuous  and 
alternate  currents  at  home,  and  who  desire  to  perfect  their  appar- 
tus  before  submitting  them  to  the  scientific  or  commercial  world. 
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The  School  of  Electrical  Engineering  and  Sub-Marine  Tele- 
graphy, situated  at  Hanover  Square,  London,  has  now  been 
closed,  and  I  understand  that  the  kind  of  instruction  which  used 
to  be  given  there  is  now  being  continued  by  Mr.  Tunzelman  at 
Pennyween  Road,  Earl's  Court.  This  school  supplied  in  its  day 
many  probationers  to  the  great  sub-marine  telegraph  companies, 
and  latterly  to  electric  lighting  firms.  The  electric  light  training 
was  similar  to  that  now  given  at  Faraday  House,  but  they  had 
in  addition  a  complete  outfit  of  artificial  cable,  syphon  re- 
corders and  galvanometers.  Time  will  not  permit  of  my 
explaining  the  work  carried  on  at  the  People's  Palace  under 
Messrs.  Slingo  &  Brooker,  whose  book  on  Electrical  Engineering 
is  no  doubt  well  known  to  many  of  you.  Neither  have  I  time 
to  mention  what  is  done  at  the  Royal  Indian  College,  Cooper's 
Hill,  the  Crystal  Palace  Company's  School  of  Practical  Engineer- 
ing, the  London  College  of  Electrical  Engineering,  or  the  Poly- 
technic, Regent  street.  I  must,  therefore,  refer  those  who  are 
interested  in  this  subject  to  a  recent  publication,  termed  "  Elec- 
trical Engineering  as  a  Profession,  and  how  to  enter  it,"  by  Mr. 
A.  D.  Southam,.  issued  by  Messrs.  Whittaker  &  Company, 
Paternoster  Square,  London,  and  112  Fourth  avenue,  New  York, 
where  they  will  find  an  account  of  all  the  more  prominent 
schools  and  colleges  in  Great  Britain  and  America  that  give 
instruction  in  electrical  engineering,  as  well  as  the  names  and 
terms  of  admission  and  apprenticeship  of  English  firms.  I  would 
also  refer  you  to  Prof.  Ayrton's  inaugural  address  upon  entering 
the  presidentship  of  the  Institution  of  Electrical  Engineers,  last 
session,  for  his  views  on  this  subject.  I  have  just  learned  that 
Prof.  Thurston,  of  America,  gave  a  lecture  on  a  similar  subject 
before  the  Mechanical  Engineering  Congress  held  here  a  few 
weeks  ago.  I  am  sorry  that  I  have  not  had  an  opportunity  of 
seeing  his  paper  before  writing  this  one.  Had  time  permitted  I 
should  have  liked  to  liave  said  something  about  the  examination 
question,  and  the  value  of  diplomas  and  degrees.  My  own  idea 
is  that  the  examination  should  be  so  arranged  and  pitched  as  to 
prevent  the  possibility  of  cramming,  and  to  exclude  those 
students  who  merely  wish  to  fiddle  away  their  own  and  their 
master's  time.     As  an  instance  of  what  I  mean,  I  will  conclude 

• 

with  stating  one  of  the  questions  that  I  gave  at  the  final  exam- 
ination in  April  last  for  the  diploma  in  electrical  engineering  at 
the  Glasgow  and  West  of  Scotland  Technical  College.     "  Go  to 
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the  Faraday  Works,  Govan,  and  there  make  a  complete  set  of 
free  hand  sketches  of  a  ship  lighting  plant.  From  your  sketches 
make  a  set  of  finished  drawings.  Take  indicated  horse  power 
cards,  brake  horse  power  and  electrical  horse  power  tests,  at  the 
normal  speed  and  power  of  the  engine  and  dynamos.  Find  the 
mechanical  efficiency  of  the  engine,  the  electrical  and  commercial 
efficiency  of  the  dynamo,  and  write  a  concise  report  upon  the 
suitability  of  the  plant  for  the  work  it  will  have  to  do.  You  can 
take  five  days  to  this  question.  You  are  permitted  to  consult 
any  book,  but  you  must  state  the  name  of  the  book  and  the  page 
whereon  you  got  the  information.'1  I  may  add  that  another 
question  there  was  also  allotted  iive  days,  as  well  as  three  days  of 
six  hours  each  to  written  examinations  in  the  theory  of  practice 
of  electrical  engineering,  before  the  students  had  completed  their 
task.  In  some  of  these  other  examinations  books  of  reference 
were  also  permitted.  The  whole  set  of  examinations  being  con- 
ducted to  ascertain  if  the  young  men  could  apply  the  knowledge 
they  had  gained  during  their  previous  years  of  training  in  such  a 
rational  business  like  manner  as  would  prove  whether  they  conld 
be  recommended  for  admission  into  works. 


Discussion. 

Thk  Chairman  : — I  presume  the  subject  of  electrical  engineer- 
ing education  i$  one  to  which  the  programme  committee  well 
might  have  assigned  at  least  a  whole  day,  but  it  probably  was 
not  feasible.  The  subject  of  Prof.  Jamieson's  paper  is  now  open 
for  discussion. 

Prof.  A.  C.  Longden  : — I  was  very  much  pleased  with  the 
way  in  which  Prof.  Jamieson  suggested  the  combination  of  ap- 
prenticeship with  a  college  education  so  far  as  Scotland  is  con- 
cerned, but  in  America  the  conditions  are  somewhat  different,  at 
least  in  two  respects.  In  the  first  place  the  college  student  is  in 
school  nine  months  or  more  of  the  year  instead  of  six  ;  now  when 
he  takes  his  vacation  there  is  little  time  left  to  work  in  appren- 
ticeship in  the  summer.  Then  in  the  second  place  an  apprentice- 
ship in  this  country  does  not  mean  what  it  does  in  tne  older 
countries.  It  does  not  mean  an  education  in  any  particular 
branch  or  trade.  It  means  education  with  regard  to  the  use  of 
one  machine.  An  employer  will  put  a  young  man  at  work  at  a 
machine,  and  the  longer  he  stays  at  that  machine  and  the  better 
he  knows  how  to  use  it  the  less  likely  he  is  to  get  to  work  at  any- 
other  machine.  So  it  seems  to  me  in  this  country  that  instead 
of  a  combination  of  an  apprenticeship  and  a  college  education, 
that  it  is  almost  necessary  to  have  the  apprenticeship  as  a  part  of 
the  college  education,  and  give  the  necessary  time  to  the  work, 
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within  the  technical  schools  at  any  rate,  such  schools  as  Cornell 
University  and  the  Massachusetts  Institute  of  Technology  do  give 
such  an  amount  of  work  as  will  enable  the  student  when  he  goes 
out  to  go  into  practical  work  without  very  much  of  an  appren- 
ticeship. 

Dr.  Ludwig  K.  Bohm,  of  New  York : — I  should  like  to  make 
a  few  remarks  outside  of  what  I  might  call  geographical  bound- 
ary. Prof.  Jamieson  in  his  very  able  paper  put  forward  three 
great  points.  Shall  the  college  education  go  alone  or  shall  the 
college  education  go  with  an  apprenticeship,  or  shall  the  appren- 
ticeship go  first.  Now  with  reference  to  this  I  would  like  to  say 
that  men  are  trained  for  various  works  in  life,  and  consequently 
a  course  to  be  followed  has  to  be  selected  for  the  special  intended 
purpose.  In  the  olden  times  in  the  German  University  the 
student  simply  learned  such  things  in  natural  science  as  the  pro- 
fessor chose,  and  others  were  passed.  There  was  no  regular 
system  in  it ;  but  in  modern  times  the  thing  has  changed  com- 
pletely. Colleges  are  conducted  in  very  systematical  ways,  com- 
mencing with  the  easiest  and  ending  with  the  most  difficult  parts 
of  every  branch  of  science.  With  reference  to  the  various 
schools  of  England  and  this  country  I  might  say  as  far  as  my 
experience  goes  in  England  as  well  as  on  the  continent,  the  stu- 
dent has  to  be  considered  as  well  as  the  college.  The  boys  on 
the  other  side  generally  enter  college  better  prepared  than  on 
this  side  of  the  Atlantic,  as  far  as  my  experience  goes.  In  most 
of  the  higher  schools  they  are  demanding  a  great  deal  more 
general  education  in  all  the  branches  of  the  sciences  so  as  to  enable 
the  student  to  digest  what  the  professor  is  teaching.  I  should 
like  to  say  a  few  words  about  this  apprenticeship.  As  a  rule,  the 
apprenticeship  prepares  the  young  man,  as  Prof.  Longden  said, 
for  working  a  special  machine.  The  college  trains  the  boy  so 
that  he  may  be  able  to  work  his  way  in  to  any  position  that  may 
be  offered  in  a  special  branch  of  science,  but  yet  as  far  as  I  am 
concerned  I  look  at  it  in  this  way,  that  a  man  who  trains  himself 
in  electrical  engineering  has  to  be  considered  a  scientifically 
educated  man.  He  has  to  first  learn  the  rudiments  of  the  sciences 
at  the  colleges  and  then  enter  with  his  knowledge  into  the  practice. 
The  electrical  engineer  should  be  a  scientifically  educated  man, 
and  consequently  requires  as  much  as  possible  a  thorough  theo- 
retical training  in  a  school  before  he  enters  practice. 

The  Chairman  : — I  will  call  for  further  remarks,  but  you  will 
excuse  me  if  I  say  the  remarks  should  be  made  as  brief  as  possi- 
ble, as  our  time  is  short. 

Mr.  J.  O.  Reed,  of  Ann  Arbor : — I  would  like  to  ask  Prof. 
Jamieson  as  to  the  amount  of  mathematical  training  required  ; 
also  as  to  whether  the  students  are  given  any  instruction  in  the 
modern  languages  and  the  ability  to  use  French  and  German. 

In  America,  in  the  Michigan  University,  we  lay  great  stress 
upon  that.  We  also  think  that  a  successful  electrician  should  be 
a  man  who  can  handle  mathematics  well. 
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The  Chairman  : — Any  further  remarks  ? 

Mr.  Hayes  : — I  think  we  should  all  be  very  glad  to  hear  from 
Prof.  Cross,  as  he  has  charge  of  one  of  the  largest  educational  es- 
tablishments of  electrical  engineering  science  in  the  United  States. 

The  Chairman  : — Are  there  any  further  remarks  ? 

I  think  it  quite  undesirable  that  the  Chair,  when  the  time  is 
so  short,  should  dwell  on  even  so  important  a  subject  as  the 
question  of  instruction  in  electricity.  I  think  most  of  the 
Americans  present  are  familiar  with  tihe  institution  with  which  I 
am  connected,  which  is  not  remarkably  different  from  other 
technological  schools  in  its  plan.  Knowledge  of  the  instruction 
given  in  electrical  engineering  in  this  country  can  be  most  readily 
attained  by  considering  the  exhibits  in  the  liberal  arts  building. 
They  give  a  far  better  idea  of  the  work  done  in  our  school  than 
I  can  do  here.  There  are  three  things  which  I  will  venture  to 
say.  In  the  first  place  I  am  very  glad  to  state  that  it  was  my 
experience  from  the  beginning,  that  the  feeling  of  the  employers 
in  this  country  is  not  that  which  Prof.  Jamieson  has  indicated  as 
still  to  be  found  abroad.  I  have  never  met  an  engineer  who 
had  attained  to  success  who  did  not  rejoice  with  all  his  heart  in 
the  establishment  of  technical  schools  and  the  introduction  of 
such  courses  into  the  colleges,  so  that  the  young  men  might  have 
the  advantages  which  heliad  lacked.  We  have  had  no  more 
earnest  helpers  in  our  technical  schools  than  these  eminent  en- 
gineers who  have  always  been  ready  to  take  hold  and  help  us  not 
only  with  their  advice,  but  have  come  directly  into  the  lecture 
room  and  given  talks.  I  think  we  lack  in  this  country  schools 
for  electrical  artisans  as  distinguished  from  electrical  engineers. 
I  do  not  know  of  any  school  which  trains  electrical  artisans.  We 
have  schools  of  training  for  other  trades,  but  not  for  that.  And 
last  I  want  to  do  here  what  I  have  done  in  another  place  in  print, 
to  acknowledge  most  heartily  the  help  which  I  personally  re- 
ceived, and  which  the  Institute  received  from  the  works  and  sug- 
festions  of  Prof.  Ayrton.  It  was  owing  more  to  the  papers  of 
*rof .  Ayrton  than  to  any  other  one  thing  that  I  was  led  to  sug- 
gest the  establishment  of  our  course  of  electrical  engineering, 
the  first  opened  in  this  country.  I  do  not  doubt  that  my  col- 
leagues will  have  the  same  feeling  in  regard  to  Prof.  Ayrton 
which  I  have  myself. 

Prof.  Jamieson  : — The  last  two  speeches  require  some  ex- 
planation. Mr.  Reed  asks  what  attention  we  require  for  our  de- 
partment of  mathematics.  We  require  mathematics  and  natural 
philosophy  in  engineering.  We  insist  upon  a  stiff  examination 
of  French  and  Grerman;  there  is  no  exception  to  that.  And 
then  there  is  logic  and  political  economy.  I  am  very  glad, 
indeed,  to  find  tliat  my  friend  here,  Prof.  Cross,  is  free  from 
that  bugbear,  the  old  conservative  engineer.  We  have  had  to 
fight  them  for  a  number  of  years.  I  can  assure  you,  you  have 
no  idea  how  much  trouble  these  worthy  old  fire  eaters  have  given 
us.     It  is  only  now  when  our  students  are  growing  up  and  enter- 
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ing  our  works  and  getting  to  be  managers  that  we  are  getting  to 
be  patted  on  the  back  as  teachers  in  colleges  and  universities.  I 
quite  agree  with  Prof.  Cross,  that  in  this  country  we  should  have 
special  laboratories  and  schools  for  electrical  artisans,  and  as  the 
gentleman  has  said,  an  electrician  should  be  an  educated  gentle- 
man. 

I  am  very  glad  to  have  had  this  opportunity  of  presenting  this 
paper  before  you,  and  I  shall  return  to  Scotland  very  much  im- 
proved by  what  I  have  seen,  and  very  much  impressed  with  the 
courtesy  1  have  received  both  here  and  in  New  York. 

The  Chairman  : — We  will  now  listen  to  the  reading  of  the 

{>aper  written  by  Dr.  Frederick  Bedell,  assisted  by  A.  W.  Berres- 
ord,  W.  M.  Craft  and  B.  G.  Gherardi,  Jr.,  entitled,  "  Transformer 
Diagrams  Experimentally  Determined." 
Dr.  Bedell  then  read  tne  following  paper : 


TRANSFORMER  DIAGRAMS  EXPERIMENTALLY 

DETERMINED. 


BT   DE.    FBEDEBICK   BEDELL, 
ASSISTED  BT  A.   W.    BERRESFORD,    W.    M.   CRAFT  AND  B.  O.   GHEEARDI.   JR. 


Of  the  various  experimental  methods  used  in  alternating  cur- 
rent work,  those  are  most  valuable  which  ascertain  the  phase 
relations  of  the  different  currents  and  electromotive  forces,  inas- 
much as  without  a  knowledge  of  these  relations  a  full  under- 
standing of  the  phenomena  is  not  possible.  Phase  relations  may 
be  shown  by  plotting  curves  representing  instantaneous  values ; 
or  they  may  be  shown  by  polar  diagrams  if  the  currents  are 
harmonic  or  are  assumed  to  be  the  equivalent  of  certain  harmonic 
currents.  The  representation  of  the  results  of  alternating  current 
experiments  by  polar  diagrams  has  an  advantage  in  the  fact  that 
such  may  also  be  constructed  according  to  theoretical  considera- 
tions, thus  enabling  us  to  compare  experiments  with  theory. 
The  work  which  is  described  in  the  following  paper  was  under- 
taken with  the  object  of  experimentally  determining  polar  trans- 
former diagrams  for  comparison  with  similar  theoretical  diagrams, 
with  particular  reference  to  the  effects  caused  by  the  variation  of 
the  constants  of  the  transformer,  as  described  in  a  current  series 
of  articles  entitled  the  "  Theory  of  the  Transformer."  * 

Experiments  were  made  upon  a  small  transformer,  with  an 
output  of  about  500  watts,  constructed  and  used  by  Dr.  Crehore 
and  the  writer  for  experimental  work.  This  transformer  was 
particularly  adapted  for  the  present  investigation  since  it  was 
provided  with  means  for  varying  the  reluctance  of  the  magnetic 

*  Bedell  and  Crehore,  Electrical   Wor Id,  Vol.  XXI. ,  No.  12,  March,  1893, 
et  seq. 
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circuit  and  thereby  the  coefficients  of  self  and  mutual  induction. 
This  variation  was  produced  by  the  moving  of  an  iron  tongue  in 
and  out  of  a  gap  in  the  metallic  circuit.  Fig.  1  shows  in  diagram 
the  magnetic  circuit  of  the  transformer  and  the  arrangement  of 
the  movable  tongue.  A  laminated  iron  tongue,  a,  is  arranged  so 
that  it  may  be  rotated  about  an  axis  occupying  the  central  line 
of  the  circular  gap  which  it  fills.     In  the  position  in  which  the 


Fig.  1. — Arrangement  of  Transformer.    (Half  Size.) 


tongue  is  represented  in  the  figure,  the  magnetic  circuit  is  as 
nearly  complete  as  it  can  be  made.  When  the  tongue  is  moved 
through  180°  to  the  dotted  position  in  the  figure,  the  magnetic 
circuit  is  most  imperfect  and  the  reluctance  is  highest.  The 
tongue  may  be  moved  by  an  arm  and  secured  in  any  desired 
position,  and  the  position  is  indicated  by  a  pointer  moving  over 
a  graduated  scale. 


14 
it 
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The  essential  dimensions  of  the  transformer  are  as  follows: 

< 

Length  of  core  (perpendicular  to  lamination) 2f  inches. 

Width  of  each  plate 5 

Length  of  each  plate 3 

No.  turns  large  coil 128 

No.  turns  small  coil 90 

Size  of  wire  in  both  coils No.  10  B.  &  S. 

Resistance  of  large  coil 2272  ohms. 

Resistance  of  small  coil 160  ohms. 

Cross  section  magnetic  circuit 12  sq.  cm. 

Either  coil  may  be  used  as  primary  or  secondary. 

Changing  the  position  of  the  tongue  alters  the  reluctance  of 
the  magnetic  circuit  and  alters  the  coefficients  of  self  and  mutual 
induction  accordingly ;  these  coefficients  increase  as  the  reluctance 
decreases,  and  have  the  highest  values  when  the  tongue  is  all  in. 

Determination  of  the  Coefficients  of  Induction. 

Preliminary  to  the  experiments  proper  upon  the  transformer, 
the  values  of  the  coefficients  of  self  and  mutual  induction  of  the 
coils  were  determined  for  the  different  positions  of  the  tongue. 

For  alternating  current  work,  when  a  reliable  voltmeter  and 
ammeter  are  at  hand,  the  coefficient  of  self-induction  may  be 
readily  determined  from  a  determination  of  the  impedance. 
Measuring  the  current  which  flows  through  a  coil  when  a  certain 
measured  electromotive  force  is  impressed,  we  obtain — 

ip 

Impedance  =   VIZ*  +  ^  <0%  =  T' 

where  R  =  ohmic  resistance, 

L  =  coefficient  of  self-induction, 

E  =  electromotive  force, 

I  =  current, 

a>  =  2  n  X  frequency. 

When  the  ohmic  resistance  is  small  as  compared  with  the  effect 
of  self-induction,  as  is  usually  the  case  in  transformer  coils,  the 
value  of  L  becomes 

j~j  —  —= — • 
1  to 

The  coefficient  of  mutual  induction  was  found  by  passing  an 
alternating  current  through  one  coil  and  measuring  the  electro- 
motive force  induced  in  the  other.     The  primary  current  was 
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measured  by  a  Thomson  balance,  and  the  secondary  electromo- 
tive force  by  a  Cardew  voltmeter  connected  across  the  open  cir- 
cuited secondary.    The  secondary  electromotive  force  is 

whence  the  coefficient  of  mutual  induction  is 


J/  = 


(O  lx 


As  a  matter  of  convenience,  the  values  of  the  coefficients  of 
self  and  mutual  induction  were  obtained  by  simultaneous  meas- 
urement. The  values  of  these  coefficients  for  six  different 
positions  of  the  tongue  are  given  in  the  accompanying  table. 

Table  of  Constants. 


• 

o 

55 

X 

Arm. 

A. 

A. 

M. 

Ob- 
aorred. 

M. 

Com- 
puted. 

6) 

=  863. 

u  =  566. 

Ls  w. 

LLo. 

M  u. 

Ls  w. 

LL  u. 

M«. 

o 

.00908 

.0x743 

.0122 

.0x26 

7.83 

15.04 

i°-53 

5.15 

9.87 

6.91 

X.92 

a 

70 

.00988 

.0x924 

.01258 

.0138 

8.52 

16.6 

xi.08 

558 

xo.78 

7.26 

X.95 

3 

90 

.0x111 

.02x99 

.0x501 

.0156 

9.60 

18.95 

12.95 

6.30 

12.45 

8.50 

X.98 

4 

120 

.01247 

.02525 

.01774 

.0x79 

»°-73 

2X.8 

15-3° 

7.05 

1430 

xo.03 

2.02  1 

5 

150 

.0x427 

.02918 

.0209 

.0204 

12.31 

25.32 

18.05 

8.09 

16.65 

xx. 83 

2.05 

6 

180 

.01578 

.033x0 

.02338 

.0229 

13.6 

28.6 

20. 17 

8.93 

18.73 

x3«4 

2.XO 

The  position  of  the  tongue  is  indicated  in  degrees  by  the  read- 
ing of  the  pointer  over  the  graduated  scale,  the  tongue  being  all 
out  at  0°  and  all  in  at  180°.  The  two  coils  of  the  transformer, 
either  of  which  may  be  primary  or  secondary,  are  distinguished 
as  the  " large"  and  the  "small"  coil,  and  by  the  subscript 
letters  L  and  „  respectively. 

In  obtaining  the  coefficients  of  self  and  mutual  induction  for 
different  positions  of  the  tongue,  observations  were  made  for 
different  values  of  the  current.  The  values  obtained  for  the  co- 
efficients decreased  as  larger  currents  were  used,  this  variation 
extending  through  a  range  of  five  or  six  per  cent.  Mean  values 
were  taken  corresponding  to  the  currents  used  during  the  experi- 
ments and  the  coefficients  were  considered  constant. 

The  coefficients  increase  steadily  as  the  arm  is  moved  in  from 
0°  to  180°,  but  not  by  equal  increments.  The  positions  0°,  70°, 
90°,  120°,  150°  and  180°  were  afterwards  used  as  giving  approxi- 
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mately  equal  increments  to  L  and  M.    The  values  of  L  and  M 
for  different  positions  of  the  tongue  are  plotted  in  Fig.  2. 

The  column  headed  M (computed)  in  the  table  gives  the  values 
of  the  coefficient  of  mutual  induction  computed  from  the  values 
of  the  coefficients  of  self-induction  of  the  two  coils,  according  to 
the  formula  based  on  the  assumption  of  no  magnetic  leakage: 

The  values  of  3f  thus  computed  agree  very  closely  with  the  ob- 
served values. 
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Fig.  2.— Variation  of  Constant. 


The  column  headed  —^  gives  the  ratio  of  the  coefficients  of 

self-induction  for  the  two  coils,  which  we  would  expect  to  find 
equal  to  the  square  of  the  ratio  of  the  number  of  turns  of  the 
respective  coils,  or 

128  y  _  2 

907 

The  observed  ratio  approximates  quite  closely  to  this. 

Experiments  were  made  with  the  transformer  on  constant 
potential  and  also  on  constant  current.     The  constant  potential 
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circuit  was  supplied  with  a  current  of  such  a  frequency  that 
40  =  2  tz  n  =  863 :  while  for  the  constant  current,  a>  =  2  n  n 
=  566.  In  the  table  are  given  the  values  of  the  inductance  ob- 
tained by  multiplying  the  coefficients  of  induction  by  (o. 

Method  of  Measurement. 

In  the  experiments  proper  with  the  transformer  the  connec- 
tions were  as  shown  in  Fig.  3 .  In  series  with  the  primary  was 
placed  a  non-inductive  resistance  consisting  of  incandescent 
lamps.  The  three- voltmeter  method  was  used  to  determine  the 
primary  power  and  the  angle  of  lag  0X  between  primary  current 


E 


« Er > 


l&JUUUUUUAAAAAW 


PRIMARY 


6ECONOARY 


f^TyYTTT^A\\^/V\ 


Fig.  3. — Diagram  of  Connections. 

7j  and  electromotive  force  Ev  This  necessitated  a  measurement 
of  the  primary  current,  obtained  by  a  Thomson  balance,  and  the 
differences  of  potential  between  the  terminals  of  the  transformer, 
around  the  non-inductive  resistance,  and  around  resistance  and 
transformer  together.  The  secondary  load  was  non-inductive, 
and  the  secondary  current  and  electromotive  force  were  measured 
directly. 

The  quantities  observed  in  making  the  runs  were : 

Ex — The  e.  m.  f.  around  the  primary. 

ET — The  e.  m.  f.  around  the  external  resistance. 
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JEt — The  total  e.  m.  f.  around  the  primary  and  resistance. 

7;_The  current  in  the  primary. 

E% — The  e.  m.  f.  in  the  secondary. 

I% — The  current  in  the  secondary. 

From  these  observed  data  the  following  results  were  computed : 

0X — The  angle  of  lag  between  the  primary  electromotive  force 
and  current. 

Wi — The  watts  supplied  to  the  primary. 

W9 — The  watts  in  the  secondary. 

jff2 — The  secondary  resistance. 

02 — The  angle  of  lag  of  secondary  current  behind  the  second- 
ary impressed  electromotive  force.  The  primary  angle  of  lag  is 
calculated  by  the  formula  for  the  three-voltmeter  method 

cos  0!  =     '  ^  -/_ — r. 

2  E{  ET 

The  primary  power  is  Wx  =  Ex  Ix  cos  0X. 
The  secondary  power  is   W%  =  E%  I2. 

The  secondary  resistance,  being  non-inductive,  is  calculated  by 
the  fall  of  potential,  thus 

R  —  ^ 

-«2 

The  tangent  of  the  secondary  angle  of  lag  is 


tan/? 


Zj  a> 


jR2 ' 
from  which  02  can  be  readily  obtained. 

Constant  Current  Experiments. 

The  transformer  was  supplied  in  these  experiments  with  a 
constant  primary  current,  the  square  root  of  mean  square  value 
of  which  was  9|  amperes,  and  the  maximum  value  about  13.2 
amperes.  The  frequency  was  such  that  w  =  2  it  n  =  566.  The 
transformer  was  used  both  as  a  u  step-up  "  and  as  a  "step-down" 
transformer.  The  step-up  and  step-down  experiments  were  sub- 
stantially the  same,  inasmuch  as  the  ratio  of  primary  and  second- 
ary turns  was  not  far  from  unity  in  this  paper ;  therefore,  the 
results  of  the  constant  current  experiments  will  be  given  for  the 
step-down  transformation  only.  A  run  was  first  made  with  the 
movable  tongue  secured  by  an  arm  in  the  zero  position,  that  is, 
in  the  position  in  which  the  reluctance  of  the  magnetic  circuit  is 
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the  highest  and  the  coefficients  of  induction  the  smallest.  The 
secondary  non-inductive  load  of  incandescent  lamps  was  then 
varied  from  short  circuit  to  open  circuit  and  the  primary  and 
secondary  measurements  taken  as  described  for  successive  values 
of  the  secondary  resistance.  The  tongue  was  then  moved  in  and 
secured  by  means  of  an  arm  in  the  70°  position,  and  a  complete 
set  of  readings  again  taken  of  primary  and  secondary  for  differ- 
ent loads.  Buns  were  then  successively  made  with  the  tongue 
secured  at  90°,  120°,  150°  and  all  in  at  180°,  and  the  same 
measurements  taken. 


Fig.  4. 


In  this  way  data  were  obtained  for  all  values  of  the  coefficients- 
of  induction  of  the  transformer,  within  the  range  of  change 
produced  by  the  moving  in  and  out  of  the  tongue,  for  all  values 
of  secondary  resistance.  For  each  observation,  the  primary  and 
secondary  currents  and  electromotive  forces  were  known  both  in 
magnitude  and  direction — sufficient  data  for  the  construction  of 
a  polar  transformer  diagram.  Such  a  diagram  is  represented  in 
Fig.  4.  

PoUvr  Diagram. — In  Fig.  4,  the  lines  o  a,  o  b,  o  c,  etc.,  repre- 
sent the  maximum  values  of  the  several  harmonic  electromotive 
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forces  and  currents  in  their  relative  phase  positions.  Rotation  is 
counter-clock-wise  about  o.  The  instantaneous  values  of  the  cur- 
rents and  electromotive  forces  are  equal  at  any  instant  to  the 
projection  upon  any  fixed  line  of  reference,  of  the  lines  repre- 
senting the  corresponding  maximum  values.  Closed  arrows  in- 
dicate currents  and  open  arrows  electromotive  forces,  o  a  is 
drawn  equal  to  the  primary  current,  Iv  The  primary  impressed 
electromotive  force  is  in  advance  of  the  primary  current  by  an 
angle  0U  and  is  represented  by  the  line  o  k  drawn  to  any  conveni- 
ent scale.  The  electromotive  force  induced  in  the  secondary  due 
to  the  primary  current  is  90°  behind  the  primary  current,  o  b 
represents  this  induced  electromotive  force,  or  the  secondary  im- 
pressed electromotive  force.     The  secondary  external  resistance 
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Fig.  5. — Constant  Current,  Step 
Down,  Arm  at  0° 


Pig.  6. — Constant  Current,   Step 
Down,  Arm  at  70° 


is  non-inductive  and  the  current  is  therefore  in  phase  with  the 
electromotive  force  measured  at  the  terminals  of  the  transformer 
secondary,  but  the  current  and  measured  secondary  electromotive 
force  lag  behind  the  secondary  impressed  electromotive  force 
o~b  by  an  angle  (f2  due  to  the  self-induction  in  the  secondary 

coil.     The  angle  02  ig  drawn  so  that  tan  02  =  — jk^.     The  line 

o~d  is  drawn  equal  to  the  secondary  current  I%,  and  o  o  equal 
to  the  electromotive  force  E%  at  the  terminals  of  the  secondary. 
As  before  explained,  these  lines  represent  maximum  values. 

The  primary  and  secondary  power,  Wx  and  TT2,  although  not 
vector  quantities,  may  for  convenience  be  represented  by  the  lines 
cTo  and  o  f  drawn  in  the  direction  of  the  secondary  current. 
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Diagrams  similar  to  Fig.  4  may  be  drawn  for  each  load  of  the 
transformer,  the  differences  between  these  diagrams  showing  the 
effects  of  the  variation  of  i?2.  When  these  diagrams  are  superim- 
posed, with  the  lines  o  a  for  primary  current  coinciding,  the 
variations  in  the  different  quantities  are  more  readily  observed 
by  a  study  of  the  locus  formed  for  each  of  the  several  quantities 
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Fig.  7. — Constant  Current,   Step 
Down,  Arm  at  90° 
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Pio.  8. — Constant  Current,   Step 
Down,  Arm  at  120° 
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Pig.  9. — Constant  Current,  Step  Down, 
Ann  at  150c 
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Fig.  10. — Constant  Current,  Step  Down, 
Arm  at  180° 


that  change  as  the  secondary  resistance  is  altered.  It  is  in  this 
way  that  the  following  diagrams  are  plotted.  Fig.  5  shows  the 
variation  in  the  primary  electromotive  force,  secondary  current 
and  electromotive  force,  and  the  variation  in  the  primary  and 
secondary  power  for  all  loads  of  the  transformer,  from  R 2  =  0  to 
Ji2  =  a ,  for  a  constant  primary  current  when  the  tongue  is  in 
the  0°  position,  that  is,  when  it  is  all  out.    The  arrows  on  Ex^  J% 
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and  1%  indicate  the  direction  of  the  change  as  the  secondary  resist- 
ance increases.  Figs.  6,  7,  8,  9  and  10  are  drawn  in  the  same 
manner  for  other  positions  of  the  tongue.  In  all  cases  the  prim* 
ary  current  is  constant. 

The  agreement  of  these  curves  with  the  theoretical  is  notice- 
able. The  primary  electromotive  force  curve  and  the  curves  for 
the  secondary  electromotive  force  and  current  are  approximately 
semi-circles,  as  theory  would  indicate.  The  power  curves,  Wt 
and  TPa,  are  symmetrical  lobes  at  about  45°.  The  shifting  of  the 
primary  electromotive  force  curve  to  the  left  is  caused  by  mag- 
netic leakage  and  is  also  in  perfect  accordance  with  theory,  as 
given  in  the  series  of  articles  on  the  Theory  of  the  Transformer 
already  referred  to,  now  appearing  in  the  Electrical  World.  The 
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changes  in  the  successive  diagrams,  from  Fig.  5  with  the  tongue 
all  out  to  Fig.  10  with  the  tongue  all  in,  show  the  effects  of 
diminished  reluctance  and  increased  coefficients  of  induction. 
The  diameter  of  the  semicircle  for  the  secondary  electromotive 
force  increases  in  direct  proportion  to  the  increase  in  the  coeffici- 
ent of  mutual  induction.  The  primary  electromotive  circle  in- 
creases in  proportion  to  the  coefficient  of  self-induction  of  the 
primary.  The  diameter  of  the  secondary  current  circle  is  nearly 
constant.  The  comparison  of  these  curves  is  better  seen  in  Fig. 
11,  in  which  the  preceding  diagrams  are  combined  so  as  to  show 
the  successive  changes  in  the  currents  and  electromotive  forces 
for  different  tongue  positions.  A  composite  figure  is  shown  in 
the  same  way  for  the  power  curves,  Wx  and  W2  in  Fig.  12. 
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Rectangular  Diagrams. — Rectangular  diagrams  do  not  indi- 
cate the  direction  of  the  quantities  represented,  but  they  show 
quantities  in  such  a  way  that  they  are  often  superior  to  polar 
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Pig.  18. — Constant  Current,  Step  Down,  Arm  at  0°. 

diagrams  for  indicating  relative  magnitude.  For  this  purpose 
rectangular  diagrams  were  drawn  from  the  polar  diagrams  Figs. 
5 — 10,  and  two  of  these  are  shown  in  Figs.  13  and  14,  for  the 
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tongue  all  out  and  all  in  respectively.  These  figures  give  the 
currents,  electromotive  forces,  angles  of  lag,  the  power  for  the 
primary  and  for  the  secondary,  and  the  efficiency  of  the  trans- 


Fig.  14. — Constant  Current,  Step  Down,  Arm  at  180°. 

former  for  different  values  of  the  secondary  resistance.  The 
curves  explain  themselves.  It  is  interesting  to  note  that  the 
primary  angle  of  lag  on  short  circuit  has  about  the  same  value, 
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70°,  for  all  positions  of  the  tongue.  As  the  secondary  resistance 
is  increased,  the  angle  decreases  at  first  and  then  i/ncreases  again. 
A  study  of  Fig.  11  will  show  that  this  is  explained  by  the  shift- 
ing of  the  primary  electromotive  force  semi-circle  in  Fig.  11,  to 
the  left,  dne  to  magnetic  leakage.     If  the  leakage  were  dimin- 
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Fio.  15.— Constant  Potential,  Step 
Up.  Arm  at  0°. 
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Fig.  16. — Constant  Potential,  Step 
Up.  Arm  at  70°. 
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Fio.  17. — Constant  Potential,  Step 
Up,  Arm  at  90°. 
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Fig.  18.— Constant  Potential  Step 
Up,  Arm  at  120°. 


ished,  the  primary  semi-circle  would  be  moved  toward  the  primary 
current  o  a.  In  the  rectangular  diagrams,  a  diminishing  of  the 
magnetic  leakage  would  cause  the  minimum  point  in  the  curve 
for  0,  to  shrink  and  disappear  in  the  case  of  no  leakage. 
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Constant  Potential  Experiments. 

Buns  were  made  with  the  transformer  supplied  with  a  constant 
potential  of  about  62  volts  (square  root  of  mean  square  value), 
with  the  movable  tongue  secured  in  the  different  positions  0°,  70°, 
90°,  120°,  150°  and  180°  as  before.  The  electromotive  force  of 
the  generator  was  about  110  volts,  but  varied  a  little,  so  that  it 
was  necessary  to  maintain  the  electromotive  force  supplied  to  the 
transformer  constant  by  adjusting  the  non-inductive  resistances. 
Measurements  were  made  as  in  the  constant  current  experiments, 
and  the  values  of  the  various  quantities  obtained  as  before.   From 


Fig.  19. — Constant  Potential,  Step 
Up,  Arm  at  150°. 


Fio.  20.— Constant  Potential,  Step 
Up,  Ann  at  180°. 


these  data,  the  polar  diagrams  Figs.  15-20  were  constructed.  In 
these  the  direction  of  the  primary  current  is  taken  as  vertical, 
fixed  in  direction,  but  varying  in  magnitude.  The  primary 
electromotive  force  is  constant  in  magnitude,  but  varies  in  direc- 
tion according  to  the  value  ot  the  angle  0,  between  it  and  the 
fixed  primary  current.  A  diagram  thus  drawn  does  not  show 
the  changes  in  the  magnitude  of  the  primary  current,  and  there- 
fore an  additional  diagram  is  given  in  the  upper  right  hand 
corner  of  each  figure  in  which  the  primary  electromotive  force  is 
constant  both  in  magnitude  and  direction.  The  locus  of  the 
primary  current  in  this  supplementary  diagram  shows  clearly  the 
changes  in  the  magnitude  of  the  primary  current  as  well  as  its 
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direction.  As  in  all  the  polar  diagrams  in  this  paper,  the  loci 
are  drawn  to  show  the  variation  in  the  different  qualities  repre- 
sented, caused  by  a  change  in  the  secondary  resistance,  the  direc- 


Fio.  21. — Constant  Potential,  Step  Up,  Arm  at  0°. 

tion  of  the  variation  with  increased  secondary  resistance  being 
indicated  by  an  arrow. 

Figs.  21  and  22  are  rectangular  diagrams,  drawn  from  the  cor- 
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responding  polar  diagrams  Figs.  15  and  20,  representing  the 
relative  magnitudes  only  of  the  various  quantities. 


Fig.  22.— Constant  Potential,  Step  Up,  Arm  at  180°. 

Conclusion. 

When  this  investigation  was  undertaken  with  a  view  of  experi- 
mentally developing  the  method  of  polar  diagrams  just  described,, 
it  was  with  a  little  uncertainty  as  to  whether  the  method  would 
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admit  of  ready  practical  application,  and  would  give  a  clear 
exposition  of  the  results  obtained.  It  not  only  proves  to  be  a 
convenient  method  for  showing  results,  but  tells  the  whole  story 
in  a  comprehensive  way,  bringing  out  many  points  not  otherwise 
shown.  Furthermore,  it  proves  valuable  for  comparison  with 
similar  theoretical  work,  based  upon  the  assumption  of  harmonic 
currents,  with  which  it  agrees  throughout,  thus  establishing  the 
practical  value  of  analytical  treatment  of  problems  with  alternat- 
ing currents. 

The  work  was  first  taken  up  under  the  direction  of  the  writer 
by  Messrs.  Berresford,  Craft  and  Gherardi,  as  thesis*  work  at 
Cornell  University.  The  investigation  was  conducted  by  them, 
and  valuable  assistance  given  by  them  in  the  preparation  of  this 
paper. 

The  curves  here  given  are  shown  as  representative  and  as 
illustrative  of  the  method  of  showing  the  variation  in  certain 
quantities  when  one  quantity  is  changed  under  certain  conditions. 
Other  curves  were  obtained,  some  of  which  showed  the  effects  of 
the  variation  in  the  coefficients  of  induction,  but  those  which  are 
here  described,  showing  the  effects  of  a  variation  in  the  secondary 
resistance,  have  been  given  as  being  among  the  most  interesting 
and  instructive. 

Cornell  University,  Ithaca,  X.  Y. 


The  Chairman  : — The  paper  is  open  for  discussion.  If  there 
are  no  remarks  to  be  maae,  we  will  pass  to  the  reading  of  the 
remaining  paper  upon  to-day '6  list,  by  Mr.  A.  E.  Kennelly,  on 
an  Improved  Instrument  for  measuring  Magnetic  Reluctance. 

Mr.  A.  E.  Kennelly  then  read  the  following  paper: 


Thesis  in  Cornell  University  Library:  "  Effects  of  the  Change  of  Reluctance 
in  a  Transformer." 


ON  AN  IMPROVED  FORM  OF  INSTRUMENT  FOR  THE 
MEASUREMENTS  OF  MAGNETIC  RELUCTANCE. 


BY  A.  £.  KENNELLY, 
Orange,  New  Jeney. 


Of  the  methods  that  have  been  adopted  for  the  measurement 
of  magnetic  permeance  or  reluctance  of  iron,  the  Faraday  ring 
test  with  ballistic  galvanometer  is  generally  admitted  to  be  the 
most  accurate  and  reliable.  It  is,  however,  essentially  a  labora- 
tory measurement  requiring  considerable  time  in  preparation, 
execution  and  computation.  For  workshop  measurements  and 
comparisons,  tractive  and  magnetometric  methods  have  been 
employed  with  a  convenience  and  facility  usually  obtained  at 
some  sacrifice  in  accuracy.  Recently,  instruments  have  been 
used  with  success  in  which  the  reluctance  of  a  sample  bar  of  iron 
is  compared  with  that  of  standard  bars  of  soft  Norway  iron, 
notably,  the  magnetic  bridge  of  Mr.  Thomas  A.Edison,  exhibited 
at  the  Paris  Exhibition  of  1889,  and  the  differential  magneto- 
meter of  Mr.  R.  Eickemeyer.*  It  is  proposed  to  here  describe 
a  new  instrument  of  this  class,  for  which  certain  advantages  may 
perhaps  be  claimed. 

Fig.  1  represents  the  well  known  galvanic  arrangement  of 
circuits  in  which  two  resistances  Rj  r.2  can  be  compared  by  a 
null  method.  Ej  and  e.2  are  two  equal  and  constant  e.  m.  forces, 
inserted  in  the  conducting  paths  a  b  and  b  c  of  equal  resist- 
ance r.  The  galvanometer  o,  connecting  the  junction  f  of 
resistances  with  the  junction  b  of  electromotive  forces,  will  indi- 
cate no  current  when  Rt  and  R2  are  equal.     The  conductor  f  b 

•Electrical  Engineer,  March  35th,  1891. 
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corresponds  to  the  neutral  wire  of  a  three- wire  system  of  electri- 
cal distribution. 

Fig.  2  represents  the  corresponding  condition  of  magnetic 
circuits,  a  b  c  is  a  stout  vertical  frame  of  annealed  Norway 
iron  with  two  coils  mx  m3  wound  with  the  same  number  of 
turns  of  wire,  connected  in  series  so  as  to  develop  with  regulated 
constant  current  strengths,  equal  definite  m.  m.  forces.  The 
upright  o  corresponds  to  the  galvanometer  arm  in  Fig.  1,  while 
the  bars  a  f  and  f  c  are  test  pieces  of  iron  having  a  cross- 
section  considerably  smaller  than  that  in  the  remainder  of  the 
circuit.  One,  a  f,  suppose,  is  a  standard  section  made  up  of 
one  or  more  bars  of  soft  iron  whose  quality  is  known,  while  the 
other  f  o  is  the  bar  whose  reluctance  is  required. 

If  the  two  reluctances  fy  b,  are  equal,  the  magnetic  potentials 
at  f  and  b  will  be  equal,  and  the  bar  g  will  remain  nnmagnet- 
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ized  when  the  coils  mx  m2  are  excited.  On  the  other  hand,  if 
Bt  and  R2  slightly  differ,  the  potentials  at  f  and  b  will  not 
coincide,  and  magnetic  flux  will  traverse  the  bar  g.  Since  the 
magnetic  circuits  are  all  closed,  the  leakage  through  the  sur- 
rounding air  will  be  symmetrical  and  usually  negligible,  so  that 
calling  0  the  flux  through  the  main  circuit,  and  <p  that  through  g. 

w  =  0     -Ri  —  R* 

r  ^  +  r  +  2  G 

In  order  to  ascertain  whether  flux  did  traverse  the  bar  g,  we 
might  according  to  established  principles,*  cut  in  imagination  an 
indefinitely  narrow  gap  or  crevice  through  g  in  a  horizontal 
plane,  and  insert  therein  a  magnet  pole  with  apparatus  to  meas- 
ure the  tractive  force  to  which  it  would  be  sub]ected.  At  the 
nearest  practical  approach  to  this  plan  we  can  cut  a  gap  across. 

♦Clerk  Maxwell  "  Electricity  and  Magnetism."    vol.  ii.,  p.  896. 
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o  ^  in.  (0.16  cm.)  wide,  and  swing  in  the  crevice  a  flat  disk 
armature,  carrying  a  steady  feeble  current  and  with  an  attached 
pointer  or  index  close  to  a  fixed  scale.  We  then  obtain  in  all 
•essential  features,  the  instrument  here  to  be  described. 

Fig.  3  represents  to  scale  in  front  and  side  elevation  the  actual 
instrument,  d  is  the  disk  armature  wound  with  100  radial 
wires  from  center  to  circumference.  Half  of  this  disk  is  always 
•covered  by  the  pole  pieces  above  and  below  it.  The  unifilar 
suspension  attached  to  the  points  p  and  q  supply  a  current  of 
about  ten  milli amperes  to  this  disk.  A  sensibly  constant  tension 
upon  the  suspension  is  obtained  by  means  of  a  spiral  spring 
within  the  lower  slide  tube,  and  it  can  be  readily  shown  by 
-experiment  or  computation  that  small  variations  in  the  tension 
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Pig.  3. 


of  such  suspensions  have  a  very  small  influence  upon  the  tor- 
sional moment. 

The  modus  operandi  is  as  follows :  A  sample  strip  or  flat  bar 
of  the  iron  to  be  tested  is  laid  across  the  gap  f  c.  The  breath 
of  the  bar  being  conveniently  one  inch  (2.54  cms.)  and  the  height 
¥  (1.27  cms.).  Strips  of  soft  iron  to  match  this  are  laid  across 
the  gap  a  f,  in  parallel,  each  being,  say  Y  X  V  (2.54  X  0.318  cm.). 
If  the  disk  circuit  is  then  closed,  and  if  there  is  no  appreciable 
residual  magnetism  in  the  apparatus,  the  disk  will  remain  unin- 
fluenced and  its  index  at  zero.  The  field  magnets  are  now 
excited  in  series  with  a  suitable  and  measured  current.  The 
disk  and  pointer  will  now  move  to  one  side  or  the  other  about 
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the  axis  of  suspension,  according  to  the  preponderance  of  reluct- 
ance between  the  two  sides,  and  soft  iron  strips  have  to  be  added 
or  removed  across  a  f,  until  balance  is  restored.  Generally,  bal- 
ance will  be  found  between  two  adjustments  of  cross  section,  at 
a  f,  and  the  proper  amount  can  then  be  computed  by  proportional 
parts. 

Steinmetz  has  shown*  that  from  a  series  of  such  adjustments 
to  equality  between  standard  and  sample  bars  at  various  excita- 
tions, the  complete  hysteresis  curve  of  the  sample  can  be  deduced 
through  the  known  valuations  of  the  standard,  but,  since  a  linear 
relation  is  found  to  exist  between  the  reluctivity  and  magnetizing 
force  in  iron,  above  the  critical  intensity,  two  such  observations 
are  theoretically  sufficient  to  determine  the  reluctivity  of  the 
sample  for  supercritical  magnetizing  forces. 

The  instrument  can  also  be  employed  to  readily  indicate  the 
retentiveness  of  sample  bars  of  hard  iron  or  steel.  If  after  a 
balance  has  been  obtained  at  a  noted  excitation,  the  excitation  be 
withdrawn  by  interrupting  the  circuit  of  the  coils  mx  m2,  and  the 
standard  bar  is  removed,  the  residual  flux  from  the  test  piece 
will,  disregarding  some  slight  loss  by  leakage,  pass  entirely 
through  the  air  gap  and  disk  at  d.  If  the  constant  of  the  disk 
has  been  determined  independently,  the  deflection  of  the  pointer 
for  the  observed  current  through  the  disk,  will  supply  the  amount 
of  this  flux  0. 

If  N denotes  the  number  of  turns  in  each  spool. 

/  the  current  strength  exciting  the  spools  (amperes). 
I  the  length  of  the  test  bar  (cms.). 
g  the  reluctance  of  the  air  gap  at  the  disk  (o.  g.  s.  units). 
Hx  the  magnetizing  force  in  the  bar  during  excitation. 
H2  the  magnetizing  force  in  the  bar  with  excitation  with- 
drawn. 

A    ff 

Then  the  m.  m.  f.  of  excitation  is  M  =  —  N I  in  each  coil, 

10  ' 

and  since  the  intensity  in  the  test  bar  is  considerable  greater  than 

in  the  field  frame,  the  magnetizing  force  brought  to  bear  upon 

M 

the  test  bar  is  nearly  —   =  Hx  (o.  g.  s.  units).     After  removing 

c 
the  excitation  and  standard  bar,  the  observed  residual  flux  0,  en- 
counters at  the  air  gap  a  reluctance  gy  so  that  neglecting  the 
comparatively  small  hysteresis  of  the  soft  iron  field  frame,  the 

^Transactions  of  The  American  Institute  of  Electrical  Engineers,  vol.  ix 
No.  1,  p.  88;  January,  1893. 
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counter  m.  m.  f.  at  the  gap  <P  <7,  (c.  g.  s.  units,)  representing  an 
average  demagnetizing  force  in  the  bar  of 

so  that  the  relative  values  of  residual  flux  density  are  readily 
found  with  different  sample  bars  for  any  selected  value  of  H^  or 
more  closely,  for  any  consequent  ranges  of  Hx  —  ff2 . 

By  mounting  two  opposed  parallel  plane  iron  plates  between 
the  uprights  A  and  Fy  in  such  a  manner  that  the  length  of  air- 
gap  between  them  can  be  adjusted  by  a  screw,  it  becomes  pos- 
sible to  measure  the  reluctance  of  a  bar  placed  between  /^and  C 
with  direct  comparison  with  the  reluctance  of  air.  Trial  has 
shown,  however,  that  the  additional  contact  surfaces  involved, 
the  dissymmetry  introduced  into  the  two  sides  of  the  circuit,  and 
the  uncertain  leakage  error  with  large  air  gaps,  probably  more 
than  offset  the  advantage  to  be  derived. 

The  errors  attending  the  use  of  the  instrument  are : 

1.  The  variability  of  reluctance  in  the  field  frame. 

2.  Errors  in  estimating  the  reluctance  of  the  contact  surfaces, 
and  the  effective  length  of  the  test-bar. 

The  first  source  of  error  depends  upon  the  hysteresis  in  the 
iron  of  the  field  frame.  It  can  be  reduced  to  small  limits  by 
keeping  the  cross-section  of  the  test-bar  a  sufficiently  small  frac- 
tion of  the  cross-section  in  the  frame,  thus  bringing  nearly  all 
the  reluctance  of  the  circuit  into  the  test-bar.  A  correction  can 
also  be  made  for  the  outstanding  frame  reluctance. 

The  second  source  of  error  is  common  to  all  forms  of  permea- 
meters  in  which  straight  test  bars  are  employed  in  closed  mag- 
netic circuits.  There  will  be  a  certain  range  of  reluctance  in  the 
contact  surfaces  that  can  be  kept  in  subjection  by  giving  to  those 
surfaces  adequate  area.  There  is  also  the  more  complex  error 
due  to  misestimation  of  the  effective  bar  length,  for  the  reluct- 
ance of  the  bar  will  not  only  be  encountered  in  the  distance  be- 
tween the  supports  F  and  C,  but  also  by  some  portion  of  the 
length  resting  on  the  supports.  The  virtual  length  of  bar  in- 
cluded in  the  circuit  will  thus  be  a  function  of  the  intensity 
within  it  and  will  not  generally  be  the  same  for  the  test  and 
standard  bars. 

The  advantages  of  the  instrument  are : 

1.  Absence  of  hysteresis  in  the  moving  and  indicating  parts, 
which  contain  no  iron. 
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2.  Great  sensitiveness  and  control. 

3.  Small  reluctance  in  the  narrow  air-gap  or  path  of  differential 
magnetization. 

4.  Convenience  in  comparing  retentive  powers  in  steel. 

The  dimensions  of  a  completed  instrument  are  appended  in 
detail. 

Core  diameters 5.08  cms. 

Core  cross-section 20.8  sq.  cms. 

Uprights 5.08  X  5.08  cms. 

Cross-section  of  uprights 25.81  sq.  cms. 

Disk  diameter 7.6  Cms.  external. 

Entrefer    0.16  cm. 

Approximate  reluctance  of  entrefer 0.00826  c.  o.  s.  units. 

Polar  area  above  and  below  disk approx.  20  sq.  cms. 

Mass  of  disk  and  pointer 28  grammes. 

Turns  on  each  field  spool 8218. 

Diameter  of  suspension  wire 0  018  cm. 

Deflection  of  pointer  per  ampere  of  current  in  disk,  and  per  c.  o.  s. 

unit  of  flux  through  disk 0.8  degree. 

Thickness  of  aluminium  disk 0.085  cm. 

Diameter  of  wire  in  disk  radial  winding 0.085  cm. 

Silk  covered  to 0.042  cm. 

Total  thickness  of  disk 0.077  cm. 

Mean  clearance  of  disk  in  air-gap 0.0415  cm. 

Winding  100  radial  wires  carried  round  on  rim  and  reentering  at 

common  channel,  never  passing  into  air-gap. 
Available  angular  range  of  pointer 140  degrees. 

The  writer  desires  to  acknowledge  his  indebtedness  to  Mr. 
Thomas  A.  Edison,  in  whose  laboratory  this  instrument  was  con- 
structed. 


As  there  was  no  discussion  on  this  paper,  the  Section  adjourned 
until  August  25th,  1893,  10  a.  m. 


Fourth  (Final)  Meeting,  Friday,  Aug.  25. 

The  section  was  called  to  order  at  10  a.  m.  by  the  Chairman, 
Prof.  Cross. 

The  Secretary  then  read  the  minutes  of  the  meeting  of  Aug. 
24,  1893,  which  were  approved. 

The  Chairman  : — The  first  paper  in  the  regular  order  assigned 
for  to-day  is  by  Prof.  W.  E.  Ayrton,  F.  R.  S.,  entitled  "  Varia- 
tion of  p.  d.  of  the  Electric  Arc  with  Current,  Size  of  Carbons 
and  Distance  Apart." 

Prof.  Ayrton  then  read  the  following  paper : 


1 


VARIATION  OF  P.  D.  OF  THE  ELECTRIC  ARC  WITH 

CURRENT,  SIZE  OF  CARBONS  AND 

DISTANCE  APART. 


BY  PROF.  W.  B.  AYRTON,  F.  R.  8. 


The  substance  of  the  above  paper  was  read  by  Prof.  Ayrton, 
and  a  number  of  diagrams  were  shown.  The  manuscript  was 
partially  destroyed  by  fire  through  a  most  unfortunate  accident. 
The  paper  embodied  an  exhaustive  study  of  the  forme  of  electric 
arcs  and  carbons  under  various  conditions. 


The  Chairman: — The  next  paper  to  be  read  is  entitled,  "The 
Light  and  Heat  of  the  Electric  Arc,"  by  Prof.  Violle,  which 
will  be  read  by  him  in  French,  and  Prof.  Silvanus  P.  Thompson 
has  kindly  consented  to  give  an  abstract  of  the  same  at  the  con- 
clusion of  its  reading. 

Prof.  Violle  then  read  the  following  paper : 
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LIGHT  AND  HEAT  OF  THE  ELECTRIC  ARC. 


•       BY  M.  J.  VIOLLE, 
Professor  in  the  Ecale  normal*  Supirirure  and  in  the  Conservatoire  do*  arts  tt  mUitrs. 


There  is,  perhaps,  no  manifestation  of  electricity  which  has 
given  rise  to  so  many  investigations  as  the  voltaic  arc ;  investi- 
gations undertaken  from  the  most  widely  different  points  of 
view,  and  leading  to  the  most  contradictory  conclusions. 

Finding  myself  favorably  situated  for  studying  some  of  the 
most  important  circumstances  of  this  curious  phenomenon,  I  have 
ascertained  several  facts  which  I  will  briefly  relate. 

The  chief  fact  resulting  from  my  researches  is  that  the  voltaic 
arc  is  the  seat  of  a  perfectly  defined  physical  phenomenon  :  the 
ebullition  of  the  carbon.  This  phenomenon  is  attested  by  the 
constancy  of  the  brightness  and  of  the  temperature,  as  well  as 
by  all  of  the  circumstances  which  characterize  normal  ebullition. 

The  constancy  of  the  brightness  had  already  been  announced 
as  very  probable  by  Rosetti  ;*  and  in  a  note  read  before  the  Society 
of  Arts,  in  London,  Prof.  Silvanus  P.  Thompsonf  had  affirmed 
it  as  resulting  from  experiments,  hitherto  unpublished  in  part, 
by  Captain  Abney,  explaining  it  by  the  volatilization  of  carbon. 
Moreover,  all  electricians  had  known  for  a  long  time,  that  the 
brightness  of  an  arc  lamp  appeared  to  be  independent  of  the 
power  of  the  lamp,  in  the  limits  where  the  verification,  necessari- 

♦Roeetti,  Rend.  Conti  dell'  Accademia  dei  Lincei,  1878-1879. 
f  Si  Ivan  us  P.  Thompson,  Society  of  Arts,  1889. 
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ly  rather  superficial,  could  be  made.  I  have  found  that  the 
brightness  of  the  positive  carbon  is  rigorously  independent  of 
the  electric  power  expended  to  produce  the  arc,  operating  within 
extensive  limits : 

Amperes.  Volts.  Watts.  Chevaux-vapetur.* 

10  60  5u«  0.7 

400  85  84,0  0  46 

The  experiments  were  made  by  two  very  different  methods. 

At  first  I  operated  with  direct  vision,  by  means  of  a  spectro- 
photometer, which  I  had  made  by  Duboscq,  for  the  study  of 
divers  simple  radiations  of  platinum  at  various  temperaturesf. 
This  was  a  photometer  which  allows  of  equalizing  with  great 
precision,  the  radiation  of  a  determined  wave  from  two  sources 
of  light. 

If  one  of  the  luminous  sources  is  formed  by  the  end  of  the 
positive  carbon,  the  other  consisting  of  the  standard  of  light,  the 
equalization  once  made,  persists,  notwithstanding  the  change 
which  may  be  made  in  the  current  conditions  of  the  arc,  whilst 
the  slightest  difference  brings  about  immediately  the  predomi- 
nance of  the  wave  of  the  other  of  the  two  systems  of  rays,  which 
neutralize  one  another  in  the  case  of  equality. 

I  then  made  photographs  of  the  arc  under  different  conditions 
of  current,  taking  care  to  enormously  diaphragm  the  objective 
and  to  limit  the  exposure  to  a  very  small  fraction  of  a  second. 
These  photographs  show  that  the  brightness  of  the  positive  car- 
bon remains  identically  the  same  in  all  cases,  for  the  opacity  of 
the  sensitive  stratum  remains  constant.  I  will  add  that  according 
to  experiments  made  since,  by  M.  Blondel  J,  the  impurities  which 
ordinary  carbons  of  commerce  may  contain,  do  not  alter  the 
brightness  of  the  positive  crater. 

One  may  easily  account  for  this,  if  we  remark  that  the  im- 
purities disappear  by  volatilization  at  relative  low  temperatures, 
it  is  carbon,  exclusively,  which  boils  at  the  positive  pole. 

Currents  of  air  are  usually  a  cause  of  error  much  more  formid- 
able. I  avoid  them  by  operating  in  the  electric  furnace  to  which 
I  shall  soon  return. 

If  we  take  for  a  cathode  a  hollow  carbon,  we  can  demonstrate 
at  the  negative  pole  the  condensation  of  carbon  vapor,  forming 

♦Note. — The  French  cheval-vapeur  is  equal  to  0.9868  English  h.  p.,  or  73ft 
watts.     [Translator.] 
fViolle,  Coinptes-Kendus  de  1' Academic  des  Sciences,  1879-1881. 
{Blondel,  Bulletin  of  the  International  Society  of  Electricians,  1893. 
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on  the  interior  of  the  tube  a  crystalline  deposit,  developing  after 
the  manner  of  electrolytic  deposits  of  lead  or  silver,  to  disappear 
later  when  the  cathode  is  sufficiently  heated.  In  a  general  way 
one  may  judge  of  the  temperature  obtained  in  the  furnace,  by 
the  simple  aspect  of  the  positive  carbon  which  cleans  itself  the 
better  the  higher  the  temperature  is  raised  ;  at  the  same  time  that 
the  brightness  of  the  positive  carbon  regulates  itself  to  uniform- 
ity in  a  remarkable  manner,  the  shape  remaining  perfectly  clean 
cut  and  without  trace  of  fusion. 

Desprez*  has  without  doubt  exaggerated  the  fusibility  of 
graphite  at  the  ordinary  pressure ;  but  he  was  perfectly  right, 
contrary  to  his  contemporaries,  when  he  affirmed  for  the  first 
time  the  volatilization  and  condensation  of  carbon.  I  shall  not 
cite  those  who  until  this  day  have  sustained  the  inverse  opinion, 
being  willing  to  recognize  in  the  consumption  of  the  anode  and 
enlargement  of  the  cathode  only  a  transportation  of  pulverulent 
carbon  ;  especially  for  the  reason  that  it  \|ill  not  perhaps  be  very 
difficult  to  establish  concord  between  the  two  opinions. 

I  regard,  nevertheless,  that  the  conception  of  a  veritable 
ebullition  of  the  anode  renders  a  much  better  explanation  of  the 
facts ;  it  sustains  also  the  idea  of  fixedness  which  is  the  charac- 
teristic of  the  phenomenon. 

One  result  of  this  fixedness  is  the  use  of  the  positive  carbon  as 
a  secondary  photometric  standard.  M.  Blondel  has  pointed  out 
an  ingenious  way  of  realizing  such,  a  standard. 

The  determination  of  the  temperature  of  ebullition  of  carbon 
is  difficult.  I  at  first  endeavored  to  measure  it  by  the  calori- 
metric  method,  which  has  served  for  refractory  metals.  The 
electric  furnace  is  then  arranged  in  a  special  manner.  The  posi- 
tive electrode  is  provided  with  a  large  tube,  itself  enclosing  a 
second  tube  containing  a  rod  terminating  within  in  a  button  of 
the  same  diameter  as  the  second  tube. 

When  this  button  shall  have  reached  the  desired  temperature, 
it  will  suffice  to  pull  smartly  on  the  rod  to  detach  it.  It  will 
then  be  received  in  a  little  copper  vase  placed  in  the  middle  of 
the  water  of  the  calorimeter,  brought  beneath  the  furnace.  The 
bottom  of  this  copper  vase  is  furnished  with  a  disk  of  graphite  ; 
another  disk  is  thrown  by  a  turn-table  on  the  button,  itself  trans- 
formed into  graphite,  as  soon  as  the  latter  has  fallen  into  the 

♦Desprez,  Comptes  Rendus  de  TAcademie  des  Sciences,  1849-1853. 
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vase;  then  the  vase  is  closed  by  a  cover.  The  heat  brought 
there  is  then  measured  very  easily  by  the  usual  process.  With 
the  enclosure  due  to  M.  Berthelot  and  a  system  of  screens  of 
asbestos  pasteboard,  one  can  almost  completely  keep  off  the 
radiation  of  the  furnace  and,  at  all  events,  to  sufficiently  reduce 
the  correction  proceeding  from  this  fact,  so  that  two  experiments 
executed  before  and  after  the  measurement,  permitted  .the  exact 
valuation  of  it.  The  loss  of  heat  suffered  by  the  button  during 
its  fall  is  very  small ;  the  opening  of  the  little  vase  being  brought 
to  within  10  centimeters  of  the  carbons,  and  the  vapor  of  the  arc 
enveloping  the  button  during  nearly  the  whole  of  its  journey ; 
it  will  be  enough  besides  to  vary  the  circumstances  of  the  fall  to 
estimate  the  amount  of  the  loss.  Also,  by  operating  successively 
with  buttons  of  different  lengths,  one  will  be  enabled  to  deter- 
mine the  calorimetric  effect  which  will  be  produced  by  a  frag- 
ment of  graphite  raised  throughout  its  mass  to  the  temperature 
of  the  terminal  surfacA  One  can  thus  measure  very  exactly  the 
quantity  of  heat  carried  to  the  calorimeter  by  one  gramme  of 
graphite  at  its  temperature  of  ebullition.  If  we  knew  the  specific 
heat  of  carbon  in  these  conditions,  we  could  easily  decide  from 
that  the  temperature  desired.  As  this  specific  heat  is  not  yet 
certainly  known,  we  will  regard  as  only  approximate  the  number 
3,500°,  as  I  have  advanced  in  a  previous  valuation.*  I  hope  to 
soon  be  in  a  position  to  give  a  better  determined  result. 

I  have  besides  undertaken  to  measure  the  same  temperature 
by  a  more  direct  method.  I  thus  obtain  a  control  always  de- 
sirable in  such  difficult  researches. 

Does  there  exist  in  the  arc,  as  Rosetti  has  maintained,  a 
temperature  notably  higher  than  that  of  the  positive  carbon  ? 

To  discover  this  I  have  introduced  into  the  arc  a  thin  rod  of 
carbon.  This  rod  is  consumed  rapidly,  being  hollowed  on  the 
side  facing  the  cathode  and  gathering  a  powdery  deposit  on 
the  side  facing  the  anode.  In  short,  it  behaves  exactly  like  a 
metal  wire  in  a  galvano-plastic  bath,  following  the  law  of  Grotthus. 
Is  there  not,  moreover,  a  true  electrolysis  in  this  depolarization, 
which,  according  to  M.  Berthelot,  is  produced  at  the  same  time 
as  the  vaporization  of  the  carbon  in  the  arc?  In  applying  to  the 
examination  of  the  cavity  offered  by  the  rod,  the  methods  which 
have  served  me  for  the  study  of  the  extremity  of  the  positive 
carbon,  I  have  found  that  the  luminous  brightness  was  the  same 

♦Violle,  Comptes  Rendus  de  V  Academie  des  Sciences,  1872. 


VIOLLB  ON  THE  ELECTRIC  ARC.  268 

on  the  rod  as  on  the  positive  carbon.  After  what  has  preceded 
this,  one  can  comprehend  how  the  furnace  in  which  we  propose 
to  use  the  arc  as  a  source  of  heat*  should  be  arranged.  The  two 
carbons  should  be  placed  facing  one  another  in  such  a  manner 
that  one  may  easily  bring  them  nearer  together,  or  move  them 
farther  apart.  The  most  simple  and  convenient  disposition  is  to 
place  them  at  the  same  horizontal  line. 

To  enclose  the  arc,  so  as  to  screen  it  as  much  as  possible  from 
exterior  lowering  of  the  temperature,  and  so  as  to  utilize  to  the 
utmost  the  heat  produced,  the  substance  which  was  most  con- 
venient was  that  which  Messrs.  H.  St.  Claire,  Deville  and  Debray 
have  employed  for  their  oxy hydrogen  furnace. 

The  electric  furnace  reduced  to  its  essential  parts,  consists  then 
of  two  carbons  fastened  in  a  horizontal  groove  cut  in  a  block  of 
lime,  which  is  conveniently  formed  in  two  pieces,  one  forming 
the  groove  and  the  other  the  cover. 

But  in  this  simple  form  the  furnace  has  more  than  one  incon- 
venience. To  begin  with,  it  is  difficult  to  procure  good  pieces 
of  unslacked  lime.  Then  again,  owing  to  the  heat  of  the  arc  the 
lime  dissolves  and  disappears  rapidly.  The  first  difficulty  may 
be  avoided  by  replacing,  as  has  already  been  done  by  Deville  and 
Debray,  the  lime  by  calcarious  stone,  (limestone).  The  second 
fault  is  suppressed  by  constituting  the  interior  of  the  furnace  of 
carbon. 

Such  are  the  dispositions  that  we  have  adopted,  M.  Moissan 
and  If,  in  the  electric  furnace  which  you  may  see  at  the  exhi- 
bition. 

This  furnace  is  composed  essentially  of  an  enclosure  of  carbon;): 
in  the  interior  of  which  the  electric  arc  spurts  out  between  two 
horizontal  electrodes.  This  enclosure  has  the  form  of  a  cylinder, 
whose  height  equals  its  diameter.  It  is  formed  of  a  fragment  of 
carbon  tubing,  which  rests  at  its  lower  extremity  on  a  plate  of 
the  same  substance.  The  upper  part  supports  a  disc  of  carbon 
having  the  same  diameter.  Finally,  two  hollows  admit  the  elec- 
trodes. The  cylinder  is  placed  in  a  block  of  limestone  from 
which  it  is  insulated  by  an  air  space  of  five  millimeters  thickness ; 
its  base  resting  on  wedges  of  magnesia. 

The  cylinders  of  carbon  which  serve  for  electrodes,  are  held 
by  iron  nippers  resting  on  horizontal  carriages  which  permit  the 

*Moissan,  Comptes  Rendus  de  1'  Academie  des  Sciences  ;  November,  1892. 

! Moissan  and  Violle, Comptes  Rendus  de  1'  Academie  des  Sciences ;  March,  1893. 
All  of  the  carbon  parts  are  made  of  agglomerated  retort  carbon,  with  tar 
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bringing  together  or  the  separation  of  them,  at  will.  They  re- 
ceive the  current  through  strong  sleeves  of  red  copper,  armed 
with  jaws,  between  which  are  crushed  the  ends  of  the  dynamo- 
electric  cable.  This  arrangement,  devised  by  M.  Tresca,  is  very 
convenient  for  the  lighting  and  the  handling  of  the  arc. 

The  dimensions  of  the  apparatus  depend  on  the  power  at 
disposal. 

For  currents  comprised  between  300  and  500  amperes,  we  form 
the  enclosure  of  a  fragment  of  tubing  of  6.5  centimeters  diam- 
eter. We  take  as  electrodes,  carbons  of  3  to  3.5  centimeters 
diameter,  and  the  block  of  limestone  is  about  30  centimeters 
long,  20  wide  and  25  high.  The  lid  which  has  the  same  surface, 
has  a  thickness  of  four  to  five  centimeters. 

The  available  space  is  about  40  square  centimetres,  in  which 
we  can  amass  40  horse  power,  which  gives  a  very  enviable  return 
for  the  space  occupied. 

The  Chairman  then  called  upon  Prof.  S.  P.  Thompson,  who 
read  an  abstract  of  the  above  paper  in  English,  which  is  here 
omitted,  as  the  translation  is  riven  in  full. 

Pbof.  Elihu  Thomson  : — I  wish  simply  to  add  a  few  facts 
which  have  come  to  my  notice  in  an  experience  with  nerosis  cur- 
rent. We  are  all  acquainted  with  the  subject  of  high  tempera- 
ture, and  particularly  that  given  with  carbon.  One  oi  the 
experiments  I  wish  to  call  your  attention  to  is  this :  It  was 
about  12  years  ago.  I  took  a  small  piece  of  carbon  and  set  it 
between  the  carbons  of  the  arc  lamp  and  then  increased  the 
current  to  a  certain  extent  and  then  kept  on  increasing  the  tem- 
perature until  finally  the  piece  bent  around  and  dropped  out.  It 
was  extremely  brilliant  and  the  radiant  heat  was  very  great.  It 
was  in  the  same  state  that  the  carbon  is  at  the  positive  crater. 
Now  another  fact  in  the  treatment  of  carbon.  It  has  been  pro- 
posed to  make  very  slight  rods  of  carbon  by  treatment  in  gasoline 
or  other  fluid.  My  associate  tried  to  make  solid  carbon  by  the 
deposition  of  carbon,  he  found  up  to  a  certain  limit  the  carbon 
was  solid,  but  when  he  went  beyond  that  limit  it  was  very 
spongy.  He  started  with  very  thin  filament  and  he  continued 
tne  treatment  until  it  was  finally  replaced  by  very  spongy  carbon. 
The  interior  evidently  had  been  drawn  out  and  simply  left  such 
spongy  carbon  that  it  did  not  concentrate  energv  in  the  interior 
any  further.  Carrying  out  this  general  idea  I  conceived  the 
notion  of  getting  an  electric  furnace  which  would  give  a  very 
high  temperature  which  would  carry  the  arc  up  to  volatilization. 
Tliis  was  accomplished  by  a  little  furnace  with  a  rod  running 
through  the  center  ending  in  the  heavy  carbon  with  a  conical 
opening  entering  through  the  ends  of  the  box.     I  surrounded 
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this  with  a  carbon  powder  assuming  that  this  would  be  a  very 
poor  conductor,  that  is,  broken  charcoal,  I  then  carried  this  up 
to  a  very  high  temperature.  I  found  it  was  absolutely  useless  for 
the  reason  that  there  was  a  perfect  boiling  action  of  the  powder  as 
there  was  a  perfect  connection  of  the  power  passing  through  this 
hot  rod  and  going  up  to  the  top  and  coming  down ;  evidently 
the  gases  were  coming;  around  the  hot  carbon  and  dancing  around 
and  being  replaced  by  new  carbon,  although  protected  under- 
neath, the  body  burned  away  very  rapidly.  By  looking  in  to  the 
little  holes  that  were  like  volcanoes,  it  occurred  to  me,  we.  should 
not  have  this  condition.  So  I  modified  this  condition  by  sticking 
it  together  with  a  little  sugar  and  then  I  found  out  that  I  could 
put  in  any  amount  of  energy  in  that  rod.  I  took  iridium  and 
ground  it  up  and  put  it  in  to  the  little  hole  and  I  found  there 
was  no  evidence  01  the  iridium  and  nothing  in  the  hole  after  the 
operation.  We  could  take  iridium  and  by  very  carefully  meas- 
uring the  temperature,  mould  it  so  that  with  perfect  ease  we 
could  make  iridium  castings  in  that  way.  Furthermore,  we 
could  take  pieces  of  sapphire  and  weld  them  together  in  this 
little  hole  so  that  the  small  pieces  would  stick  and  become  like 
one  piece.  We  found  in  this  arrangement  an  ability  to  carry  the 
temperature  almost  to  the  volatilization  point. 

Prof.  Webster  : — I  have  often  heard  of  the  Thomson  pro- 
cess of  electrical  welding  and  I  am  very  glad  it  has  been  applied 
to  sapphires.  I  have  been  very  much  interested  in  this  paper 
and  I  should  like  to  ask  M.  *  Violle  one  or  two  questions.  I 
should  like  to  ask  Prof.  Violle  if  he  can  tell  anything  about  the 
thickness  of  the  portion  of  the  carbon  which  is  in  the  boiling 
state.  M.  Violle  said  we  must  get  the  carbon  a  good  deal  cooler 
than  the  boiling  point.  It  seems  to  me  there  must  be  a  large 
difference  between  the  greater  part  of  that  button  and  that  which 
is  really  obtained. 

Mr.  Hindricks  : — I  think  that  the  determination  of  the  boiling 

foint  of  carbon  is  one  of  the  most  important  physical  data  that 
ave  been  obtained  in  recent  years.  3,500  degrees  C.  as  the  boil- 
ing point  for  carbon  is  generally  known.  We  know  this  as  well 
a9  we  know  the  boiling  point  of  alcohol  or  water,  but  what  is  the 
melting  point  of  carbon,  that  is  not  to  be  determined,  I  appre- 
hend. The  case  is  something  like  that  of  arsenic.  Under  or- 
dinary pressure  we  can  determine  the  boiling  point  of  arsenic  ; 
we  have  arsenic  in  the  solid  state  only  by  increasing  the  pressure, 
but  I  hope  that  brethren  from  France,  who  are  distinguished  by 
the  utmost  persistancy  and  eifort  and  wonderful  skin,  will  also 
solve  that  problem  by  devising  a  means  of  obtaining  the  pheno- 
menon under  high  pressure,  then  we  shall  have  allthe  data  of 
that  wonderful  substance,  carbon.  The  getting  of  the  physical 
data  of  the  boiling  of  this  wonderful  substance  has  led  to  so  much 
already,  and  has  opened  the  fields  of  electro-metallurgy.  I  think 
this  is  one  of  the  most  interesting  papers  that  we  have  had. 
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The  Chairman  : — I  will  call  next  for  a  paper  which  is  short  and 
relates  to  the  present  subject  in  certain  aspects,  and  I  think  it 
had  better  be  read  now  than  take  its  place  on  the  programme.  I 
will  ask  Prof.  Silvanus  P.  Thompson  if  he  will  present  his  paper. 

Prof.  Silvanus  P.  Thompson  : — There  are  so  many  papers, 
that  I  should  prefer  to  submit  my  paper  to  be  simply  read  by 
title.  I  will  state  that  this  standard  wnich  Prof.  Swinburne  and 
myself  proposed  some  time  ago  has  come  up  in  another  form  be- 
fore the  Chamber  of  Delegates. 


ON  THE  SWINBURNE-THOMPSON  UNIT  OF  LIGHT. 


BY  8ILVANU8  P.  THOMPSON,  D.  8C,  F.  R.  8. 


In  the  Spring  of  1892  it  was  independently  proposed  by  Mr. 
James  Swinburne  and  by  the  author  of  this  note  to  adapt  as  a 
unit  of  light  of  standard  quality  the  light  emitted  from  a  unit  of 
area  of  the  positive  or  crater  surface  of  the  electric  arc  formed 
between  electrodes  of  pure  carbon. 

The  advantages  of  this  source  of  standard  of  illumination  over 
all  flame  standards  hitherto  proposed  are  so  obvious  as  scarcely 
to  need  mention. 

The  advantages  over  the  platinum  or  Violle  unit  are  also  con- 
siderable. The  carbon  arc  is  much  more  easily  managed,  and  if 
a  pure  carbon  is  employed,  it  is  much  more  reliable  as  a  standard 
than  the  mass  of  molten  platinum. 

The  light  of  the  electric  arc  is  emitted,  as  is  well  known, 
chiefly  from  the  end  of  the  positive  carbon,  very  little  proceed- 
ing from  the  flame  itself,  and  not  much  from  the  negative  tip. 
The  positive  carbon  is  in  fact  heated  intensely  hot  over  a  patch, 
from  which  the  column  of  conducting  vapor  or  flame  (called  by 
Davy  the  "  arc " )  is  projected  across  to  the  tip  of  the  negative 
carbon.  This  luminous  patch  becomes  hollowed  out  into  a  crater, 
white  hot  all  over  its  surface,  except  at  the  edges,  which  are 
duller  and  redder,  and  which  volatilize  much  less,  but  consume 
slowly  by  oxidation  when  the  arc  is  produced  in  air.  Except  at 
these  edge-parts  the  light  of  the  crater-surface  is  of  uniform 
lightness  at  every  part  if  the  carbon  be  pure.  The  reason  of  this 
circumstance  is,  as  pointed  out  years  ago  by  the  writer,  that  car- 
bon has  a  fixed  temperature  of  volatization.  The  arc  cannot  be 
formed  at  all  unless  this  temperature  is  reached  at  least  at  some 
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portion  of  the  surface ;  and  the  temperature  cannot  be  exceeded 
at  any  point,  simply  because  the  volatilization  of  the  carbon  keeps 
it  down.  The  temperature  of  the  crater  surface,  that  is  to  say, 
the  temperature  of  the  volatilization  of  carbon  is  as  definite  (if 
the  material  is  pure  and  the  external  pressure  constant),  as  is  the 
temperature  of  the  melting  point  of  ice,  or  as  that  of  the  boiling 
point  of  water.  It  appears  to  be  about  #3500°  C.  All  arcs  made 
with  a  pure  carbon,  emit  from  the  crater  (save  as  regards  the 
marginal  parts),  a  light  of  equal  whiteness,  irrespective  of  the 
strength  of  current,  or  of  the  voltage,  or  of  the  length  of  the 
arc.  Any  variations  that  are  noticed  in  the  apparent  colors  of 
arc  lamps  arise  either  from  the  semi-incandescent  parts  around  the 
edge  of  the  crater,  or  from  the  tip  of  tbe  negative  carbon,  or 
from  the  flame  itself.  If  an  arc  has  been  burning  for  some  time 
with  a  certain  current  (say,  six  amperes),  its  crater  will  have  as- 
sumed a  certain  shape  or  size.  If  we  now  increase  the  current 
to  12  amperes,  the  ^incandescent  surface  of  the  positive  carbon 
will  be  at  once  increased  in  proportion,  save  for  a  slight  dis- 
crepancy arising  from  the  marginal  effect  of  the  duller  parts,  and 
the  enlarged  crater  will  settle  down  to  a  new  shape.  (These  re- 
marks relate  to  the  steady  arc,  the  phenomenon  of  the  hissing 
arc  being  still  very  obscure.)  If  then  by  proper  shielding  there 
can  be  cut  off  all  the  stray  light  of  uncertain  quality  emitted  by 
the  red-hot  margin  of  the  crater,  that  emitted  by  the  negative  tip 
and  by  the  flame,  so  that  only  the  true  crater-surface  is  visible,  its 
whiteness,  as  so  viewed  through  a  hole  in  a  suitable  diaphragm, 
will  always  be  of  the  same  unvarying  quality.  This  was  the 
discovery  of  Captain  Abney,  F.  R.  S.,  in  1878 ;  and  it  forms  the 
basis  of  all  the  splendid  work  done  by  him  in  conjunction  with 
Major  General  Ferting,  F.  R.  S.,  on  the  photometry  of  color. 

Increasing  the  current  merely  increases  the  size  of  the  crater, 
but  does  not  alter  its  intrinsic  brilliancy  or  its  color.  Increasing 
the  voltage  of  the  arc  has  no  effect  on  the  intrinsic  brilliancy  or 
color  of  the  true  crater  surface.  Increasing  the  length  of  the  arc 
has  no  effect  on  the  intrinsic  brilliancy  or  color  of  the  true  crater. 
The  amount  of  light  emitted  from  a  square  millimetre  of  crater 
surface  is  a  fixed  quantity,  no  matter  how  the  current,  or  the 
voltage,  or  the  length,  may  be  varied ;  and  not  only  is  the  total 
amount  of  light  emitted  from  a  square  millimetre  constant,  but 
its  composition  is  constant.  That  is  to  say,  the  proportion  rela- 
tively of  red  waves  to  blue  waves,  is  the  same  always,  independent 
of  current,  voltage,  or  length  of  arc. 
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It  was  in  consequence  of  the  recognition  of  these  physical 
properties  of  the  true  crater  surface,  that  the  writer  and  Mr. 
Swiuburne,  each  made  the  proposition  for  the  establishment  of  a 
new  unit  to  supersede  the  Violle  standard. 

Since  that  suggestion  was  placed  before  the  scientific  world, 
some  work  has  been  done  toward  its  realization.     In  France  M. 
Blondel  has  described  under  the  term  arc  normal,  an  apparatus 
closely  resembling  that  used  by  Abney  in  his  photometric  re- 
searches, consisting  of  an  electric  arc  furnished  with  a  metallic 
diaphragm  pierced  with  an  aperture  of  known  dimensions ;  but 
with  the  addition  of  a  water-cooling  arrangement.    More  recently, 
M.  Violle  has  taken  up  the  subject  of  the  electric  arc,  and  has 
redetermined  the  temperature  of  the  crater.     He  adopts  and 
confirms  the  author's  view,  that  this  temperature  is  determined 
by  the  volatilization  of  carbon.     The  author  has  also  recently 
investigated  the  possible  errors  introduced  by  the  thickness  of 
the  diaphragm  and  by  an  obliquity  in  its  position  ;  he  has  found 
these  sources  of  error  to  be  by  no  means  negligible.     He  has  also 
made  some  experiments  on  the  purity  of  carbons,  and  finds  that 
natural  graphites  always  give  a  less  light  intrinsically  than  the 
artificially    prepared    hard   carbons.      Trotter,   in   his  original 
investigation  of  the  distribution  of  light  as  emitted  from  the  arc 
lamp,  announced  the  different  emissivity  of  the  soft  carbons  used 
for  cores.     He  also  investigated  the  amount  of  light  emitted 
(normally)  from  a  square  centimetre  of  hard  carbon,  and  found  it 
to  be  something  less  than   70    candles,  or  about  7£  carcels. 
Doubtless  the  imperfections  of  the  photometric  methods  until 
recent  years,  were  such  that  the  production  of  an  exact  standard 
of  white  light  was  of  less  importance  than  i6  now  the  case,  since 
photometry  has  become  an  art  of  precision.     Professor  Ayrton, 
adopting  the  periodic  principle  of  photometry  lately  described 
by  the  author,  and  using  a  photometric  screen  of  the  Lummer- 
Brodhun  pattern,  finds  no  difficulty  in  measuring  light  with  a 
precision  of  one  part  in  500.     Now  that  such  accuracy  of  meas- 
urement is  possible,  there  is  the  more  urgency  for  adopting  a 
standard  which  is  not  only  of  entire  trustworthiness,  but  is  also 
easily  reproduced. 


As  there  was  no  discussion,  the  following  paper  was  then  read  : 


ON  THE  MAXIMUM  EFFICIENCY  OF  ARC  LAMPS 

WITH  CONSTANT  WATTS. 


BY  PBOF.  H.  8.  CARHART. 
University  of  Michigan,  Ann  Arbor,  Mich. 


It  is  of  interest  to  determine,  in  connection  with  the  proposal 
to  define  a  2,000  c.  p.  arc  light  in  terms  of  the  watts  expended 
on  it,  whether  the  illumination  is  independent  of  the  current  as 
a  variable.  If  a  2,000  c.  p.  lamp  shall  be  defined  as  one  requiring 
450  watts  for  its  maintenance,  shall  the  current  be  ten  amperes 
and  the  p.  d.  of  the  arc  45  volts,  or  will  a  smaller  current  and  a 
higher  voltage  give  higher  illumination  ? 

The  present  paper  can  be  considered  as  describing  only  a 
single  step  toward  the  solution  of  the  problem,  or  a  preliminary 
note  relating  to  experiments  conducted  under  one  set  of  condi- 
tions. It  seems  quite  clear  that  with  any  definite  number  of 
watte  the  candle  power  will  be  a  function  of  the  current,  the  size 
and  quality  of  the  carbons,  and  perhaps  also  of  the  source  of  the 
current,  whether  from  a  constant  potential  circuit,  or  from  an 
open  or  a  closed  coil  constant  current  machine.  The  experi- 
ments conducted  by  three  of  my  pupils,  Messrs.  Raymond,  Hook- 
way  and  Fisher,  have  been  confined  to  the  circuit  of  a  constant 
current  dynamo  with  closed  coil  armature  and  to  soft,  plain  car- 
bon T7ff  in.  diameter,  made  by  the  Standard  Carbon  Company  of 
Cleveland. 

The  method  employed  was  as  follows :  With  any  constant  cur- 
rent within  limits  a  series  of  measurements  of  candle  power  was 
made  by  changing  the  length  of  the  arc,  and  hence  its  p.  d.  A 
curve  was  then  plotted  with  c.  p.,  and  volts  as  co-ordinates.  Fif- 
teen such  curves  were  drawn  for  currents  ranging  between  6.75 

and  10.75  amperes. 
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Then  any  number  of  watts  was  chosen,  say  450,  and  this  was 
divided  in  succession  by  the  several  currents  used  in  obtaining 
data  for  the  fifteen  curves,  or  by  so  many  of  them  as  came  within 
practical  limits.    With  the  potential  differences  obtained  in  this 
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manner,  and  the  correponding  candle  powers  read  off  from  the 
several  curves,  another  curve  was  constructed  with  candle  power 
and  volts  as  co-ordinates  and  with  the  watts  constant.  Such 
curves  show  a  maximum  point  corresponding  to  the  volts  at 
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Fig.  2. 


which  the  lamp  gives  the  greatest  candle  power. 

The  measurements  were  all  made  in  the  photometer  room  with 
a  32  c.  p.  incandescent  lamp  as  a  standard  of  comparison.  The 
arc  lamp  was  mounted  so  that  the  arc  was  at  the  extremity  of  a 
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radius  of  half  a  meter,  movable  about  an  ax?.*  parallel  to  the 
photometer  bar.  The  end  of  this  axis  carried  a  plate  glass  mirror 
from  which  the  light  of  the  arc  was  reflected  down  along  the 
bar  to  the  photometer  box.  The  arc,  or  its  image  in  the  mirror, 
was  .thus  kept  at  a  fixed  distance  from  the  incandescent  lamp, 
and  its  position  was  always  such  that  the  light  came  from  the  arc 
at  an  elevation  of  45°.  The  absorption  of  the  mirror  was  meas- 
ured and  found  to  be  8.7  per  cent. 

I  have  plotted  only  three  of  the  fifteen  curves  composing  the 
series.  Fig.  1  contains  two  curves,  with  currents  of  7.3  and  7.9 
amperes;  and  Fig.  2  two  others  at  8.27  and  10.75  amperes,  re- 
spectively. It  will  be  seen  that  a  maximum  of  only  a  little  over 
1100  candles  was  obtained.  Fig.  3  contains  the  two  curves 
derived  from  all  the  data,  and  with  constants  of  450  and  500 
watts  respectively.  Both  show  a  pretty  well  defined  maximum 
at  about  54  and  55  volts  respectively.     Hence  for  a  lamp  of  450 
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watts  the  current  should  be  about  8.4  amperes  with  the  carbons 
described  above.  The  candle  power  was  then  900.  At  10  am- 
peres and  45  volts  this  curve  shows  the  surprising  fact  that  the 
candle  power  was  only  450. 

With  500  watts  the  current  rises  to  about  nine  amperes  and 
the  voltage  to  55.  I  attach  no  great  importance  to  these  partic- 
ular figures ;  but  the  series  of  experiments  shows  a  very  large 
variation  of  candle  power,  Current  and  potential  difference  vary- 
ing inversely,  their  product  or  the  watts  remaining  constant,  tt 
is  proposed  to  extend  the  investigation  to  other  carbons  of 
different  size  and  quality,  and  to  currents  of  an  open  coil  machine ; 
but  enough  has  already  been  done  to  show  that  the  definition  of 
a  2000  c.  p.  lamp  as  one  on  which  450  or  500  watts  are  expended 
is  not  so  definitive  or  unobjectionable  as  might  at  first  be  supposed. 


The  following  paper  was  then  read : 


THE  PERIODIC  VARIATION  OF  CANDLE  POWER  IN 

ALTERNATING  ARC  LIGHTS. 


BT  BENJ.  F.  THOMAS,  PH.  D., 
Professor  of  Physics,  Ohio  State  University,  Columbus,  Ohio. 


It  is  well  known  that  the  intensity  of  the  light  produced  by 
an  alternating  arc  is  subject  to  periodic  variations,  corresponding 
in  frequency  to  that  of  the  current  maintaining  the  arc.  Many 
curious  optical  effects  may  be  observed  in  the  neighborhood  of 
such  an  arc,  which  effects  are  due  to  variation  referred  to,  and  to 
persistence  of  vision.  If  light  from  such  an  arc  fall  on  rapidly 
moving  machinery,  as,  for  example,  the  fly  wheel  of  a  high  speed 
engine,  it  frequently  happens  that  the  wheel  appears  to  be  moving 
more  or  less  slowly  in  the  opposite  direction  to  that  which  one 
knows  to  be  the  true  one.  The  explanation  is  obvious.  If  one 
move  rapidly  to  and  fro  a  narrow  bright  object,  as  the  back  of  a 
knife  blade,  before  an  alternating  arc,  a  number  of  images  of  the 
blade  appear  side  by  side.  If  the  blade  be  so  moved  that  the 
light  proceeding  from  the  arc  to  it,  makes  an  angle  of  30°  to  50* 
with  the  axis  of  the  arc,  it  will  be  noticed  that  the  images  form- 
ing a  group  are  successively  bright  and  faint,  the  images  being 
separated  by  relatively  dark  spaces.  The  explanation  is  quite 
simple.  The  light  which  reaches  the  eye  by  reflection  from  the 
blade  comes  from  the  upper  carbon  point,  and  is  brightest  when 
that  point  is  positive,  fainter  when  it  is  negative  and  faintest 
when  the  current  is  passing  through  zero  value. 

Wishing  to  determine  the  character  and  amount  of  variation 
of  light  intensity  during  a  single  period,  the  following  plan  was 
devised  by  the  writer  during  the  Fall  of  1890.  The  work  was 
interrupted  before  satisfactory  results  were  obtained,  and   was 
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taken  up  again  this  year  by  Messrs.  A.  H.  Brown  and  J.  J. 
Green,  students  in  electrical  engineering  in  the  University.  The 
results  given  below  are  taken  from  their  graduating  thesis. 

A  disk  of  blackened  iron  was  so  mounted  upon  the  shaft  of  a 
small  Westinghouse  alternator  as  to  allow  the  disk  to  be  moved, 
while  running,  through  small  but  equal  angles  about  the  shaft  as 
an  axis.  The  armature  was  of  the  Stanley  arc  light  type,  driven 
so  as  to  produce  a  current  having  about  80  periods  per  second. 
At  each  end  of  a  diameter  of  the  sheet  iron  disk,  a  radial  difck, 
about  two  degrees  in  width,  was  cut.  The  arc  was  formed 
between  two  Carr6  cored  carbons  about  eight  millimeters  in 
diameter.  The  carbons  were  placed  in  a  vertical  plane  passing 
through  the  armature  shaft,  the  common  axis  of  the  carbons 
being  inclined  about  45°  to  the  axis  of  the  shaft,  and  the  arc 
formed  at  the  level  of  the  upper  slit  when  vertically  over  the 
shaft.     On  the  side  of  the  disk  opposite  the  arc,  and  at  the  level 
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Fig.  1. 

of  the  slit,  a  right-angled  prism  was  placed,  so  as  to  reflect  the 
light  passing  from  the  arc  through  the  slits  in  the  disk,  to  a 
Weber  portable  photometer.  Slits  in  the  box  containing  the 
prism  allowed  light  to  reach  the  photometer  only  at  definite 
positions  of  the  disk.  Fig.  1  shows  the  arrangement  of  parts 
viewed  horizontally,  and  figure  2  viewed  from  above. 

a  a  are  the  carbons,  X  is  the  arc,  s  the  armature  shaft,  d  the 
disk  mounted  on  it,  p  the  prism,  and  w  the  photometer.  Arrange- 
ments were  also  provided  for  taking  current  and  potential  curves 
by  our  usual  contact  method*,  the  contacts  being  so  placed  as  to 
act  only  when  light  was  passing  through  the  disk  to  the  photo- 
meter. The  carbons  were  mounted  on  a  special  frame,  both 
carbons  adjustable  by  hand.  A  lens  placed  on  one  side  formed 
an  image  of  the  arc  on  a  screen,  and  when  readings  were  being 

•See  Transactions  of  American  Institute  of  Electrical  Engineers,  vol.  ix,  p.  287. 
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taken,  the  carbons  were  kept  so  adjusted  that  the  arc  was  constant 
in  position  and  length.  In  circuit  with  the  arc  was  a  Siemens 
electro-dynamometer,  and  a  fairly  non-inductive  wire  resistance 
of  about  eight  ohms.  The  current  strength  was  about  eight 
amperes. 

The  apparatus  being  properly  adjusted,  the  arc  was  established, 
and  allowed  to  burn  until  the  carbons  were  thoroughly  heated. 
Readings  of  the  photometer  were  then  taken,  with  simultaneous 
readings  of  the  contact  apparatus  for  current  and  potential.  The 
disc  was  then  made  to  take  a  new  position  on  the  shaft,  about 
4£°  from  the  former,  by  means  which  I  will  not  attempt  to  dis- 
cribe  here.  It  is  sufficient  to  say  that  the  change  could  be  made 
in  less  than  a  second,  without  in  any  way  interfering  with  the 
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motion  of  the  armature,  and  that  the  several  positions  of  the 
disk  were  perfectly  definite  and  well  known.  The  change  of  4J° 
between  two  settings,  corresponded  to  a  change  of  one-twentieth 
of  a  period  in  the  part  of  the  curves  being  measured.  Headings 
with  the  disk  in  the  new  position  were  taken,  another  setting  of 
the  disk  made,  and  so  on,  until  readings  through  an  entire  period 
had  been  taken. 

On  plotting  the  readings,  it  was  found  that  all  exhibited  the 
same  general  features,  though  they  did  not  all  agree  in  values, 
owing  to  the  want  of  entire  constancy  in  the  behavior  of  the  car- 
bons. Fig.  3  is  an  average  of  all  curves  taken,  l  is  the  curve 
of  light  intensities,  c  of  current  strengths,  and  p  of  potential 
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differences  between  the  carbon  points.  The  scales  are  arbitrary, 
giving  relative  values  only. 

The  curves  of  current  and  potential  difference  are  similar  in 
general  form  to  those  found  by  others  under  somewhat  similar 
conditions.*  The  principal  difference  is  found  in  the  part  of  the 
p  curve,  which  follows  reversal  (a  a  of  curve).  In  these  curves 
the  potential  rises,  at  a  uniform  rate,  from  the  point  a  to  the  be- 
ginning of  the  following  reversal,  instead  of  decreasing,  as  in  the 
work  cited. 

The  light  curve  l  confirms  the  explanation  given  for  the  appear- 
ance observed  on  moving  a  knife  blade  under  the  arc.  The  light 
inteusity  is  a  maximum  when  the  upper  carbon  is  positive,  less 
when  it  is  negative,  and  is  a  maximum  when  the  current  passes 
through  zero  value.  The  difference  between  the  maximum  and 
minimum  is  less  than  expected,  and  may  be  found  to  be  actually 
greater  than  the  curve  indicates.  Prof.  Nichols  has  shownf  that 
photographs  reveal  the  periodic  extinction  of  the  alternating  arc. 
Fig.  4  a  of  his  paper  shows  the  images  of  the  carbon  points,  as 
well  as  of  the  arc  between  them.  In  that  figure  the  lower  points 
in  the  second  and  fourth  images  are  clearly  brighter  than  the 
upper.  In  the  third  image  the  upper  point  seems  somewhat 
brighter  than  the  lower,  as  it  should  be.  The  original  photograph 
will  probably  show  the  difference  more  clearly. 

The  points  b  b  and  d  d  in  curves  l  and  c  of  Fig.  3  are  inter- 
esting. The  dotted  lines  show  the  form  of  a  smooth  curve  pass- 
ing through  adjacent  points.  The  points  b  and  d  on  the  o  curve 
show  that  the  current  strengths  at  those  points  were  below  the 
values  which  would  have  been  found  on  a  smooth  curve.  These 
departures  from  a  smooth  form  were  noted  at  the  points  indicated 
in  all  curves  taken,  and  are  characteristic  of  the  machine  and  cir- 
cuit as  used.  The  corresponding  points  on  the  l  curve  show  de- 
partures from  a  smooth  curve  at  the  same  instant,  and  in  the 
same  direction.  We  may  therefore  say  that,  in  the  experiments 
described,  at  least,  a  change  in  the  instantaneous  value  of  the 
current  strength  flowing  in  the  arc,  when  the  current  is  more 
than  half  its  maximum  value,  is  accompanied  by  a  corresponding 
change  in  the  intensity  of  the  light  emitted  by  the  arc.  More- 
over w.e  may  say  that,  so  far  as  these  experiments  show,  the  time 
required  to  effect  a  change  of  light  intensity,  after  the  change  in 

♦Tobey  and  Walbridge, — Transae.  Am.  Inst  E.  E.t  vol.  vii.,  p.  307. 
t Nichols, — Transact  Am*  Inst.  E.  E. 
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current  strength  which  causes  it,  is  less  than  the  t^fl0  part  of  a 
second  (the  time  represented  by  one  division  horizontally  on  the 
curves.)  This  surprising  result  strengthens  the  opinion  that  only 
an  extremely  thin  layer  of  the  carbon  points  can  go  through  the 
temperature  changes  which  must  accompany  the  observed  change 
in  luminosity.  If  this  were  not  so,  the  light  changes  at  b  and  d 
would  either  not  have  been  observed  at  all,  or  there  would  have 
been  a  noticeable  lag  or  displacement  in  time,  as  compared  to  the 
current  changes. 

The  Secretary  then  read  the  list  of  the  papers  to  be  presented 
by  title,  which  are  herewith  given  in  full : 


NEW    RESEARCHES    ON    THE    ALTERNATING 

CURRENT   ARC. 


BY  A.  BLONDEL. 
Engineer,  Dept.  of  Roads  and  Bridges,  Paris,  France. 


I.    Execution  and  Classification  of  the  Experiments. 

Objects  of  this  Study. — In  an  earlier  paper,*  the  author  had 
studied  the  optical  effects  presented  by  the  alternating  current 
arc  and  analyzed  its  manner  of  formation  and  extinction.  Later 
on  he  returned  to  the  question  from  an  electrical  point  of  view, 
in  a  series  of  experiments  whose  first  results  have  been  briefly 
reported.!  He  now  proposes  in  this  communication  to  furnish 
new  experimental  data,  sufficiently  copious  for  a  more  thorough 
understanding  of  these  phenomena;  and  with  this  end  in  view 
he  has  taken  the  periodic  curves  of  a  large  number  of  arcs  under 
different  conditions,  so  as  to  show  the  parts  played  by  the  varia- 
ble factors  of  the  problem. 

Method  Employed. — The  first  condition  to  be  filled  was  that  of 
great  rapidity  in  the  determination  of  the  curves,  for  the  most 
interesting  phenomena,  those  of  the  hissing  arc,  are  essentially 
changeable,  and  it  is  difficult  to  maintain  the  same  adjustment 
for  any  length  of  time,  in  lamps  regulated  by  hand,  as  was 
necessary. 

To  this  end  the  author  had  recourse  to  an  apparatus  recording 
simultaneously,  by  the  aid  of  photography,  in  about  one  and  a 
half  to  two  minutes,  the  two  curves  indicating  the  quantity  of 
the  current,  and  the  difference  of  potential  between  the  points 
of  the  arc.    This  apparatus  comprised  two  portions: 

♦Lumiere  Electrique,  Dec.  19,  1891,  and  Jan.  18,  1892. 
fSoci6te  Franchise  de  Physique,  April  1,  1892. 
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First.  A  stroboscopic  measuring  apparatus,  which  having 
been  previously  described*,  will  not  again  be  referred  to  here. 

Second.  A  very  simple  photographic  recording  apparatus, 
described  in  some  detail  below,  which  can  be  applied  to  all 
stroboscopic  methods. 

It  consists  essentially  of  a  drum  fixed  rigidly  on  the  axis  of 
the  movable  arm  of  the  contact  maker  and  turning  with  it. 
This  drum,  placed  in  a  camera  obscura,  carries  the  sensitized 
paper  on  which  the  variations  of  the  measuring  instruments  are 
inscribed.  It  suffices  then  to  slowly  turn  the  movable  arm  by 
hand,  or  by  the  aid  of  clock-work,  to  obtain  on  the  drum  at  one 
and  the  same  time,  the  periodic  curves  of  the  tension  and  of  the 
strength  of  the  current ;  and  one  can  plot  on  the  same  sheet, 
afterward,  as  many  curves  as  may  be  convenient,  thereby  much 
facilitating  comparisons.  The  photographic  process  thus  presented 
possessed,  besides  rapidity  several  important  advantages  :  it  dis- 
pensed with  a  numerous  staff ;  (the  author  made  these  measure- 
ments with  the  aid  of  a  single  assistant,  M.  Guilbert,  Electrical 
Engineer);  it  avoided  certain  errors  of  reading,  particularly 
those  resulting  from  variations  in  the  speed  of  the  alternator,  as 
these  latter  were  recorded,  and  it  was  therefore  easy  to  make 
allowances  for  them  ;  it  gave  also  a  precision  to  the  form  of  the 
curves  which  would  have  been  difficult  to  attain  otherwise. 

It  should  be  added  that  the  greater  number  of  these  photo- 
graphic records  has  been  made  with  incandescent  lamps,  in 
broad  daylight,  not  in  a  laboratory,  but  in  the  midst  of  a  central 
station*  which  was  in  no  way  altered  in  its  arrangements  for  the 
experiment,  by  the  side  of  dynamos,  and  within  three  meters  of 
the  principal  shaft  of  a  25  horse-power  steam  engine  in  move- 
ment. It  is  readily  seen  that  photography,  under  these  condi- 
tions, is  a  process  exceedingly  easy  to  manage,  and  only  those 
who  are  unfamiliar  with  this  sort  of  investigation  would  renounce 
the  advantages  it  possesses. 

♦Tjumiere  Blectrique,  Aug.  29,  1891,  p.  401.  This  method  has  some  incon- 
veniences, the  principal  ones  being  the  difficulty  of  obtaining  a  good  insulation' 
and  of  adjusting  the  contacts  exactly  simultaneously.  It  is,  in  many  ways, 
inferior  to  the  ingenious  method  described  later  by  Mr.  Duncan  and  now  em- 
ployed in  preference  by  the  author. 

Nevertheless  it  has  certain  advantages  which  justified  its  employment  in  the 
case  under  consideration  ;  it  was  an  improvement  on  earlier  methods  ;  it  allowed 
the  determination  with  rigorous  precision  of  the  exact  time  of  the  measurement ; 
and  it  allowed  the  use  of  the  Deprez-D'Arsonal  galvanometer,  of  which  the 
period  of  oscillation  may  be  so  easily  regulated  and  so  easily  deadened. 

*  The  Central  Station  of  the  Electric  Lighting  Company,  at  Paris ;  the  first 
institution  to  apply  alternating  currents  industrially. 
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The  periods  of  the  swing  of  the  galvanometer  needles  em- 
ployed were  limited  and  regulated  by  methods  devised  by  the 
author,  and  described  elsewhere,*  applied  in  such  a  manner  as  to 
avoid  all  errors  due  to  the  inerita  of  these  instruments. 

PRELIMINARY   EXPERIMENTS. 

The  second  condition  to  fulfil  was  to  precisely  determine  the 
parts  played  by  the  conditions  of  production  in  the  alternating 
current  arc.  With  this  end  in  view,  the  author  undertook  to 
determine  what  influence  the  particular  machine  employed  could 
have  on  the  arc,  making  comparative  trials  with  five  different 
machines : 
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Fig,  2. 


1st.  An  iron  De  M6riten's  magneto-electric  machine,  of  which 
Fig.  1  represents  the  periodic  curves,  on  non-inductive  resist- 
ances ; 

2nd.  AJSiemens  machine,  having  a  very  low  internal  resistance 
and  self-induction ; 

3rd.  A  Siemens-La  Cour  machine  similar  to  the  preceding,  but 
having  a  very  great  internal  resistance  and  self-induction  (see 
Fig.  2) ; 

4th.  An  old  Gramme  machine,  four  lamp  type  (see  Fig.  29),  its 
curve  of  tension  on  dead  resistance ; 


*  Compter  Rendui  de  TAcademie  des  Sciences,  May,  1898,  No.  15,  p.  748. 
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5th.  A  La  Cour  alternator,  with  toothed  armature,  type  1893.* 
(See  Fig.  3,  its  periodic  curves.) 

These  comparisons  gave  the  following  results : 

The  influence  of  the  law  of  variation  of  the  electromotive 
force  is  nearly  negligible  so  far  as  the  difference  of  potential  at 
the  terminals  of  the  lamp  is  concerned ;  it  is  more  noticeable  on 
the  curves  of  quantity. 

For  example,  take  the  curves  of  quantity  obtained  in  two 
series  of  similar  experiments  (the  same  carbons,  the  same  length 
of  time,  and  the  same  self-induction),  made  with  machines  1  and 
3.  The  curves  have  two  general  aspects,  sufficiently  differenti- 
ated.    The  difference  is  markedly  visible  in  Figs.  20  and  31,. 
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Fig.  4 


where  the  curves  of  tension  are  nevertheless  nearly  identical. 

But  that  difference  is  entirely  superficial  and  does  not  indicate 
a  phenomenon  sensibly  different  in  the  two  cases,  although  we 
rarely  have  to  deal  with  a  form  of  e.  m.  f.  so  singular  as  that  of 
the  De  M6ritens  machine,  f 

On  the  contrary,  the  introduction  of  increasing  self-inductions 

*  The  trials  of  the  two  latter  machines  were  made  by  a  different  method,  by 
means  of  newly  devised  apparatus,  termed  "  Oscillographs." — Gomptes  Rendu*, 
March  6,  1893. 

f  In  general  the  self-induction  of  machines  and  other  parasitic  actions  result 
in  annulling,  or  at  least  reducing  to  a  very  feeble  amplitude,  the  superior 
harmonics  and  to  bring  back  the  current  and  tension  to  a  form  very  nearly 
sinusoidal. 
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into  the  circuit  modified  the  very  character  of  the  periodic 
curves,  as  will  be  seen  later  on.  A  machine  with  6trong  self- 
induction  gives  different  results  from  those  of  a  machine  with 
feeble  induction. 

The  conclusion  from  this  series  of  experiments  therefore,  was 
that  it  matters  little  in  the  general  study  of  the  phenomena  what 
type  of  generator  is  used,  and  that  on  the  other  hand  it  is  highly 
important  to  be  able  to  vary  at  will  the  self-induction  and  the 
resistance  of  the  circuit,  while  varying  also  the  conditions  of  the 
experiments. 

THE  FINAL   EXPERIMENTS. 

The  final  definitive  experiments  were  therefore  made  with  the 
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Fig.  6. 


machine  2,  of  which  the  resistance  and  self-induction  were  nearly 
negligible,  and  which  gave  as  its  curve  of  e.  m.  f.  a  nearly  per- 
fect sinusoide,  (while  the  machine  3  gave  as  may  be  seen  in  Fig. 
2,  a  very  deformed  sinusoide). 

They  were  executed  with  a  frequency  of  about  52  periods. 
More  will  be  said  below  on  the  influence  of  the  frequency.  The 
lamp  was  placed  in  immediate  proximity  to  the  machine,  and  it 
was  possible,- if  desired,  to  reduce  the  resistance  of  the  circuit  to 
that  of  the  small  non-inductive  rheostat  used  to  measure  the 
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quantity  of  the  current.  This  rheostat  formed  of  carbon  rods 
presented  a  great  cooling  surface  with  a  very  low  co-efficient  of 
temperature;  its  resistance  being  only  0.05  ohms,  the  fall  of 
potential  caused  by  it  was  generally  lower  than  one  volt. 

Beside  this  rheostat  and  the  necessary  connections  for  the 
stroboscopic  apparatus,  the  installation  comprised  three  measur- 
ing instruments :  a  Siemens  electro-dynamometer,  an  Ayrton 
&  Perry  voltmeter,  and  a  Zipernowski  wattmeter. 

Facilities  were  provided  for  introducing  into  the  circuit  be- 
#  tween  the  machine  and   the  lamp,  a  series  of  bobbins,  whose 
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co-efficient  of  self-induction  had  been  determined  in  advance,  as 
were  the  measurements  of  the  non-inductive  carbon  resistances ; 
these  reached  4  ohms  and  0.02  henrys  respectively. 

To  eliminate  the  resistance  of  the  carbons  and  the  lamps,  very 
short  carbons  lightly  coated  witli  copper*  were  used,  and  a  lamp 
adjustable  by  hand.  Thus  the  curves  of  tension  may  be  con- 
sidered as  taken  between  the  very  points  of  the  carbons. 

In   only    a   few    experiments,   noticeably     those    with    the 

♦The  coating  was  so  light  that  all  of  the  copper  was  vaporized  before  reaching 
the  arc;  several  comparative  experiments  demonstrated  that  it  produced  no 
cause  of  error. 
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Jablochkoff  candles  the  resistance  of  the  carbons  was  no  longer 
negligible. 

Variations  within  very  wide  limits  were  made,  for  each  carbon,, 
of  the  length  of  the  arc,  the  electromotive  force  of  the  machine 
and  the  resistances  or  self -induction,  introduced  so  as  to  analyze  the 
influence  of  each  one  of  these  elements  successively.  The  current 
strengths  varied  from  3  to  50  (effective)  amperes.  To  avoid 
confusion  in  the  interpretation  of  the  results,  it  would  be  conven- 
ient to  explain  the  terms  employed  below  to  distinguish  the 
different  species  of  arcs  and  of  carbons. 
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Fig.  11. 


Classification  of  the  Sobts  of  Carbons. 

The  carbons  may  be  divided  into  two  classes,  homogeneous 
carbon,  and  wick  (or  colored)  carbons.* 

1st.  Homogeneous  carbons  containing  only  nearly  pure 
carbon. 

In  the  trade  they  are  separated  into  soft  and  hard,  according 
to  their  rapid  or  slow  consumption  ;  but  this  distinction,  though 
important  as  regards  conductivity,  consumption,  photometric 
results,  etc.,  is  of  no  consequence  as  regards  the  electrical  phe- 
nomena. Experiments  in  fact  have  not  shown  any  sensible 
differences  between  the  forms  of  the  periodic  curves,  and  in  both 


♦For  other  details  see  the  author's  paper  on  "  The  Continuous  Current  Arc." 
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cases  the  vaporization  of  the  carbon  seemed  to  proceed  in  quite 
the  same  manner.  No  distinction  therefore  will  be  made  here 
between  hard  and  soft  carbons,  except  in  reference  to  certain 
details,  such  as  that  of  disruptive  tension. 

t*nd.  Wick  (or  cored)  carbons  present  a  much  greater  variety: 
they  are  made  of  either  hard-paste  or  soft-paste  homogeneous 
carbons,  to  which  have  been  added,  after  manufacture,  a  filling 
or  core  more  or  less  thick,  formed  of  a  mixture  of  powdered 
carbon  and  various  mineral  matters  susceptible  of  vaporization  in 
the  arc. 

These  filled  carbons  are  to-day  employed  almost  everywhere 
for  the  two  rods  of  the  alternating  arc,  they  are  usually  made 
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from  hard  paste  so  as  to  secure  the  maximum  of  conductivity. 

The  voltage  necessary  for  the  production  of  an  arc  is  reduced 
by  the  use  of  the  wick  in  proportions  which  depend  on  its  com- 
position, with  a  wick  of  high  conductivity ;  an  alternating  arc 
may  be  produced  with  as  little  as  20  volts  efficiency.  The  makers 
generally  furnish  two  different  qualities  of  wicks. 

1st.  High  voltage  wicks,  requiring  about  35  volts  for  an  alter- 
nating arc  of  12  amperes  and  3  mm.  length  of  arc,  called  for 
brevity  hard  wicks. 

2nd.  Low  voltage  wicks,  requiring  under  the  same  conditions 
only  about  28  volts,  and  called  soft  wicks. 

These  are  two  categories  to  which  allusion  will  be  made  in 
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-what  follows,  without  noticing  the  nature  of  the  paste  (hard  or 
soft),  as  the  latter  has  no  sensible  influence  in  this  case  on  elec- 
trical phenomena. 

The  experiments  were  based  on  carbons  from  three  different 
makers. 

1st.  Carbons  (7,  homogeneous,  and  with  wicks,  high  and  low 
voltage. 

2nd.  Carbons  Z,  with  wicks,  high  and  low  voltage. 

3rd.  Homogeneous  carbons  of  the  Jablochkoff  *  candle,  J, 
separately  or  connected  in  the  form  of  a  candle. 
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PHENOMENA  OBSERVED   WITHIN   THE   ARC. 

For  convenience  in  classifying  and  explaining  the  results,  it 
will  be  well  to  indicate  in  this  place  the  various  phenomena,  which 
we,  judging  by  former  investigations,  believed  might  play  some 
part  in  the  alternating  arc,  and  whose  effects  will  be  indicated  in 
order  to  explain  the  conformation  of  the  periodic  curves.  They 
are  as  follows : 

First  Hie  vaporization  of  the  carbon  at  the  surface  ofihejwsi- 
tive  electrode.    It  is  known  that  according  to  the  experiments  of 


*  Manufactured  at  this  time  by  the  Electric  Light  Society,  of  Paris. 
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Messrs.  Abney,*  Rosettif,  Violle^,  etc.,  on  the  continuous  current 
arc,  the  temperature  of  the  positive  crater  of  the  arc  is  constant, 
whence  the  natural  deduction  is  that  the  carbon  on  the  surface 
of  that  electrode  is  in  a  state  of  ebullition.  It  was  Prof.  Silvanus 
P.  Thompson  §  who  first  attributed  the  considerable  fall  of  potential 
(about  39  volts),  which  is  manifested  at  that  passage  to  the  work 
required  by  the  vaporization,  and  that  explanation  seems  perfectly 
rational. 

Indeed,  the  transport  of  electricity  by  the  molecules  of  carbon 
can  only  be  effected  by  the  detaching  and  pushing  away  of  the 
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latter  from  the  positive  electrode,  and  the  natural  limit  of  this 
propulsion  is  vaporization,  which  requires  a  constant  expenditure 
of  energy  and  a  constant  temperature.  This  explanation,  which 
will  be  adopted  in  the  continuation  of  this  enquiry,  renders  use- 
less the  hypothesis  of  a  counter  electro-motive  force  in  the  arc ; 
besides,  a  direct  demonstration  will  be  given  further  on  of  the 
non-existence  of  the  counter  e.  m.  f. 

The  carbon  vapor  which  is  carried  from  the  positive  to  the 

*  Society  of  Arts,  March  6th,  1889. 

f  Rendi  ConU  de  VAccademia  dei  Lineet,  1878-1879. 

X  Comptes  Rendu*,  January,  1873,  and  Bulletin  of  the  International  Society  of 
Electricians,  June,  1898. 

%  Society  of  Arts,  March  6th,  1889. 
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negative  at  a  speed  of  which  the  author  has  approximately  deter- 
mined the  value,*  forms  a  bridge  for  the  passage  of  the  elec- 
tricity. Certain  experiments  show  that  the  conductivity  of  this 
bridge  is  unilateral ;  f  therefore  the  transport  of  electricity  should 
be  the  result  of  convection.  Instantaneous  photography  also 
establishes  the  fact  that  during  a  portion,  more  or  less  important, 
of  each  period,  the  stream  of  carbon  is  interrupted. 

Second.  The  detachment  of  carbon  particles  at  the  ewfaee  of  ike 
positive  electrode.    Vaporization  i6,  as  we  have  first  seen,  but 
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Fig.  20. 


the  limit  of  the  propulsive  effect ;  we  should  therefore  admit,  by 
analogy  with  phenomena  proved  to  exist  in  the  case  of  metals, 
that  there  may  also  be  produced  between  two  carbon  electrodes 
disruptive  discharges  accompanied  by  simple  molecular  detach- 
ment and  propulsion.  It  is,  indeed,  in  this  manner  that  certain 
authors41  explain  to  this  day  the  phenomena  of  the  arc. 

The  author  has  elsewhere  shown  that  it  is  easy  to  make  a  clear 
distinction  between  propulsion  and  vaporization,  based  on  the 

*  Lumihre  Electrigue,  vol.  42,  p.  619. 

+  Fleming,— Lumihre  Electrigue,  vol.  38,  p.  865. 

•Wiedemann.    Die  Lehre  von  der  Elcktricitftt.     vol.  iv.,  2d  part,  No.  1172. 
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results  obtained  by  instantaneous  photography,  and  direct  obser- 
vation. 

We  find  thus  that  the  only  arc  in  which  vaporization  proceeds 
in  a  regular  manner  is  the  silent  arc,  which  is  steady,  and  gives 
out  a  slight  buzzing  corresponding  to  the  frequency  of  the  cur- 
rent employed.  This  arc  is  violet  and  transparent ;  and  can  be 
obtained  with  more  difficulty  with  homogeneous  carbons,  than 
with  wick  carbons. 

When  the  arc  becomes  unstable,  and  gives  out  a  crying  sound, 
of  the  same  fundamental  note,  but  more  strident,  we  are  in  the 
presence  of  disruptive  phenomena ;  at  each  alternation  the  arc 
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spurts  suddenly  in  a  direction  nearly  always  away  from  the  car- 
bons, and  which  is  often  different  according  to  whether  the  alter- 
nation is  odd  or  even.  This  crying  arc  appears  nearly  always 
without  any  visible  cause,  particularly  with  homogeneous  carbons 
and  rather  strong  currents. 

Finally  when  we  bring  the  carbons  nearly  in  contact  the  arc 
becomes  hissing ;  it  produces  an  acute  sound  and  emits  a  green 
light  like  that  of  the  hissing  arc  with  continuous  currents.  By 
analogy  with  the  latter,  this  phenomenon  should  be  caused  by 
irregular  molecular  detachment  and  propulsion.  This  is  particu- 
larly noticeable  with  homogeneous  carbons. 
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In  what  follows,  this  nomenclature  to  distinguish  the  three 
types  of  arcs  will  be  preserved ;  but  it  seems  more  rational  to 
classify  the  results  in  two  categories,  corresponding,  one  to  the 
homogeneous  carbon,  and  the  other  to  the  soft  carbon.  The  are 
between  homogeneous  carbons  is,  in  fact,  the  genuine  theoretical 
arc,  freed  from  accessory  phenomena ;  while  the  use  of  a  wick, 
(or  core),  introduces  modifications  which  often  completely  change 
its  appearance. 

Third.  Conduction  by  hot  gases.  M.  Blondlot  has  shown* 
that  air  at  a  high  temperature  allows  the  passage  of  electricity 

under  a  tension  of  less  than  -nr.Wir  vo^>  an(*  *****  the  apparent 
conductivity   of    this  gas  is  due  to  an  effect    of    convection. 
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The  same  is  true  of  a  great  number  of  gases,  including 
oxide  of  carbon  and  carbonic  acid,  and  recent  researches 
of  various  experimentersf  have  established  that  convection  is 
favored  by  a  high  temperature  of  the  electrodes  and  by  the  ultra- 
violet rays,  conditions  which  are  both  found  in  the  alternating 
current  arc. 

No  surprise  will  be  felt,  therefore,  if  during  the  interruption 
of  the  passage  of  the  stream  of  carbon   particles,  conduction  is 

*CompUs  Rendu*  de  l'academie  des  Sciences,  1887,  vol.  104,  p.  288. 
f  Hertz,  J.  Thomson,  Arrhenius,  Hallwachs,  Righi,  Stoletov,  Bichat,  Bran- 
ley,  etc. 
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established  by  the  hot  gases  when  the  latter  take  its  place  and  put 
in  communication  the  sufficiently  incandescent  points  of  the 
electrodes. 

Fourth.  Conduction  by  saline  vapors  and  particUs  of  the  core. 
It  has  been  proved,  for  a  long  time,  that  salts  reduced  to  vapor, 
at  a  high  temperature,  conduct  electricity.  Without  entering 
into  the  details  of  this  phenomenon,  still  imperfectly  explained, 
notwithstanding  the  recent  inquiries  of  Messrs.  James  Thomson* 
and  Arrhenius,  we  must  attribute  to  it  as  has  been  stated  above, 
the  effect  of  the  wick,  acting  conjointly  perhaps  with  the  carbon 
particles  contained  in  it,  and  which  may  act  by  convection.     These 
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Fig.  26. 


vapors  seem  to  play  exactly  the  same  part  as  the  carbon  vapor, 
but  as  they  condense  only  at  a  much  lower  temperature,  they  can 
maintain  the  passage  of  the  current  even  during  extinctions  of 
the  arc. 

II.  Statement  of  Results. 

The  author  will  give  here  only  a  portion  of  the  curves  obtained, 
for  many  of  the  experiments  have  given  results  so  little  differ- 
ent, that  space  is  wanting  to  reproduce  them. 

Each  diagram  comprises  generally  three  periodic  curves :  the 
curve  &,  which  exhibits  at  each  instant  the  e.  m.  f.  3  induced  in 


^Philosophical  Magazine,  1890,  vol.  20,  p.  850-441. 
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the  machine,  called  here  the  available  e.  m.  f.  The  curve  E, 
which  exhibits  at  each  instant  the  difference  of  potential  i,  be- 
tween the  carbon  points,  and  which  will  be  designated  for  simplic- 
ity the  tension  of  the  arc.  The  curve  /,  which  represents  the 
quantity  of  current  *  at  each  instant. 

On  several  of  the  diagrams,  several  curves  have  been  inscribed 
relating  to  the  different  circumstances. 

At  the  bottom  of  each  diagram  has  been  noted  the  conditions 
of  production  of  the  arc ;  all  of  these  indications  are  recapitulated 
in  Table  I,  (page  290),  which  includes  also  the  values  of  the 
current,  of  the  tension,  and  of  the  energy  both  real  and  apparent, 
calculated  from  the  curves  in  the  ordinary  manner.  With  this  end 
in  view,  the  author  has,  for  each  curve,  divided  each  alternation 
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into  20  equal  parts,  and  has  measured  the  corresponding  ordinate**. 
By  the  aid  of  these  ordinates,  the  following  values  have  been 
calculated.* 


«.*  =    V& 


mean 


-"eft  — 

*  e  mean  • 

/.«  = 

*  v  mean  • 

apparent  = 

^eir  X  /hi- 

P real  = 

\?  1')  mean  • 

y  = 

-*  real 

P 

<*■  apparent 

♦These  very  laborious  calculations  have  been  worked  out  by  M.  Guilbert. 
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Curves  Obtained  from  Homogeneous  Carbons. — A  singular 
characteristic  of  the  alternating  current  between  homogeneous 
carbons  is  the  difficulty  with  which  it  is  re-kindled.  The  forma- 
tion of  the  arc  after  each  extinction  generally  begins  with  a  small 
disruptive  discharge,  requiring  a  tension  superior  to  that  neces- 
sary to  maintain  the  arc.  The  phenomenon  shows  itself  on  most 
of  the  tension  curves  by  a  little  beak  which  marks  the  moment 
of  re-kindling,  (Figs.  8,  16,  15,  6,  13,  14,  etc.) ;  in  the  other 
diagrams  this  beak  is  absent,  especially  when  the  length  of  the 
arc  is  small,  and  probably  by  reason  of  the  conductivity  of  the 
hot  gases. 

The  tension  necessary  to  produce  re-lighting  of  the  arc  increases 
with  its  length,  (that  is  to  say  the  distance  between  the  carbons) ; 
it  depends  also  on  the    shape  and  structure  of    the  carbons 


Fig.  28.— Record  by  the  oscillograph  of  the  extinctions  at  the  same  time  as  the 
quantity  of  the  current  of  an  alternating  arc  between  2  wick  carbons. 

employed,  (contrary  to  what  was  observed  in  the  production  of 
vaporization);  for  example  while  30  volts  are  necessary  to  re- 
kindle a  Jablochkoff  candle,  at  least  40  volts  are  necessary 
for  the  same  purpose  with  hard  homogeneous  C  carbons. 

To  assure  the  production  of  the  disruptive  spark,  the  machine 
must  have  an  e.  m.  f.  relatively  high  and  it  is  necessary  in  conse- 
quence for  the  formation  of  arcs  of  average  intensity  to  interpose 
in  the  circuit  (as  will  be  seen  below  in  the  article  on  stability)  a 
source  of  self-induction,  or  a  convenient  resistance. 

The  effect  produced  by  one  or  the  other  of  these  agents  is 
seemingly  equivalent,  from  the  point  of  view  of  reduction  of  the 
mean  efficient  current ;  but  not  from  the  point  of  view  of  the 
form  of  the  periodic  curves ;  as  will  be  shown  in  examining  suc- 
cessively the  results  obtained  when  the  circuit  comprises  practi- 
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cally  only  dead  resistance,  and  then  when  it  contains  practically 
only  induction  spools. 

First.  The  non-inductive  circuit — The  non-inductive  resist- 
ance being  unable  to  produce  any  unlocking  of  the  current,  the 
tension  between  the  carbons  tend  to  merge  into  the  curve  of 
the  e.  m.  f.  induced  during  the  extinctions ;  that  is  to  say  over  a 
certain  length  before  and  after  the  zeros  of  the  e.  m.  f.,  as  is 
shown  in  Figs.  4,  5  and  8.  At  the  same  time  the  quantity  of 
current  remains  nil  during  an  appreciable  time  (Fig.  8).  This 
period  of  no  current  is  especially  well  marked  in  arcs  of  feeble 
current;  and  in  the  crying  and  hissing  arcs,  the  latter  nearly 
always  being  the  result  of  powerful  currents. 

The  hissing  arcs  obtained  by  bringing  the  carbons  almost  into 
contact,  differ  from  the  others  by  the  reduced  value  of  the  ten- 


Fio.  29. — Quantity  curve  on  dead  resistance  of  a  Gramme  machine  (4  light  type) 
taken  from  an  oscillograph. 

sion  during  the  passage  of  the  current.  The  latter,  which  repre- 
sents the  effort  necessary  for  the  tearing  away  of  the  carbon  is 
only  from  25  to  30  volts,  and  remains  rigorously  constant  from 
the  first  moment  of  lighting  until  the  moment  of  extinction, 
indicated  by  another  little  beak.  The  latter  should  be  found 
exactly  on  the  curve  of  induced  e.  m.  f.  if  the  self-induction  of 
the  circuit  was  absolutely  nil ;  but  it  was  not  entirely  so  in  these 
experiments  on  account  of  the  self-induction  proper  of  the 
machine  (I  =  0.0007  henry) ;  this  explains  the  slight  displace- 
ment of  the  beak  towards  the  right. 

As  soon  as  the  induced  e.  m.  f.  has  fallen  below  the  value 
necessary  for  the  molecular  detachment  and  propulsion,  the  latter 
ceases,  the   last  molecules  of  carbon  unite  with   the  negative 
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electrode  and  the  current  absolutely  ceases  to  pass  until  the  fol- 
lowing rekindling  of  the  arc. 

This  seems  to  indicate  that  the  gases,  turned  aside  by  the  arc 
which  forms  all  around  the  carbons,  have  not  time  enough  during 
the  extinctions  to  re-enter  and  become  heated  between  the  elec- 
trodes during  the  time  the  latter  are  near  together,  and  thereby 
fulfil  the  function  of  a  conductor. 

When  the  carbons  are  further  separated,  the  hissing  disappears, 
the  tension  is  raised  and  the  extinction  less  sharply  defined, 
owing  probably  to  the  effect  of  the  heated  gases.  In  the  case  of 
the  Jablochkoff  candle,  (Figs.  8,  13,  14),  the  flame  or  the  vapors 
of  Kaolin  prevent  the  conductivity  from  disappearing  suddenly. 

Besides,  when  the  arc  lengthens  the  tension  whilst  the  current 
passes  tends  to  present  a  form  no  longer  rectilinear,  but  convex. 


Fig.  30. 

This  effect  is  particularly  marked  with  the  Jablochkoff  candles 
(Figs.  8,  13,14),  in  which  the  arc  has  a  bent  shape  and  conse- 
quently great  length ;  it  exists  even  with  candles  coated  with 
copper.  It  should  then  be  attributed'  to  the  effect  of  the  resis- 
tance of  the  arc  itself,  which  absorbs  an  additional  voltage  in- 
creasing with  the  quantity  of  the  current. 

Second.  Inductive  Circuits. — The  use  of  self-inductions  in  the 
circuit  in  place  of  resistances  produces  a  retardation  of  the  current 
on  the  e.  m.  f.,  which  completely  modifies  the  character  of  the 
curves. 

The  tension  becomes  liberated  at  the  same  time  as  the  quantity 
and  both  continuing  pass  their  zeros  at  the  same  moment,  but 
during  the  extinctions  the  tension  endeavors  to  overtake  the  in- 
duced e.  m.  f.,  and  passes  in  consequence  almost  abruptly  from 
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a  high  positive  value  to  a  high  negative  value,  or  vicc-werea;  the 
rectilinear  portion  approaching  nearer  to  the  vertical  in  propor- 
tion  as  the  self-induction  is  stronger. 

At  the  same  time,  and  evidently  owing  to  this  effect,  the  period 
of  no  current  disappears;  instantaneous  photography  having 
shown  that  there  is-always  an  extinction  of  the  stream  of  carbon 
during  a  noticeable  time  (see  below,  page  300),  whence  it  is 
concluded  that  the  conductivity  is  then  maintained  by  the  hot 
gases. 

In  some  cases,~nevertheless,  a  prolonged  period  of  no  current 
has  been  noted,  particularly  in  the  cases  of  hissing  or  crying  arcs 
of  feeble  currents,  such  as  that  in  Fig.  9.*  But  this  is  a  rare  ex- 
ception, and  in  general  the  period  of  no  current  is  only  re-called 
to  mind  by  a  little  angular  point  at  zero. 


Fig.  81. 

In  certain  cases  one  of  these  is  quite  noticeable,  as  in  Figs.  20 
and  13. 

In  other  cases,  particularly  in  the  hissing  arc,  there  are  two  of 
them  joined  together  by  a  nearly  rectilinear  fragment  of  a  curve 
(Fig.  9). 

Finally,  these  angular  points  quite  often  disappear,  and  then 
there  remains  only  a  trace  of  them  in  the  shape  of  a  bend,  as  in 
Fig.  11. 

These  phenomena  are  interpreted  further  on. 

*  It  will  be  noticed  in  the  diagram  referred  to  that  the  two  curves  of  tension 
mingle  at  the  outset  of  the  alternation.  One  of  them,  corresponding  to  the 
regular  vaporization  of  the  carbon,  continues  its  development  in  the  usual  man- 
ner, whilst  the  other  suffers  an  abrupt  depression  at  the  moment  the  molecular 
detachment  begins.     The  same  remarks  apply  to  Fig.  10. 
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The  effect  of  the  length  of  the  arc  is  more  perceptible  in  arcs 
on  inductive  circuits.  The  upper  part  of  the  curve  of  tension  is 
inclined  to  a  horizontal  direction  in  proportion  as  the  length  of 
the  arc  is  smaller ;  it  is  especially  well  marked  in  the  hissing  arc 
(Fig.  6). 

The  tension  represented  by  this  horizontal  portion  is  only 
about  25  volts ;  hut  before  and  after  extinction  it  considerably 
exceeds  that  value,  forming  two  beaks,  of  which  the  most  pro- 
minent is  that  preceding  the  kindling.  These  beaks  are  especially 
very  marked  when  the  arc  is  making  a  strident  sound  (crying 
arc). 

When  the  length  of  the  arc  increases,  the  two  beaks  show  a 
tendency  to  disappear  (see  Fig.  11),  whilst  the  height  where  the 


Fig.  32. 

beak  of  kindling  is  produced  augments  rapidly,  passing  50  volte 
in  Fig.  15. 

The  horizontal  portion  also  tends  to  become  curved  ;  the  form 
more  and  more  swollen,  assumed  by  the  curves,  and  which  is 
especially  marked  with  the  Jablochkoff  candles,  should  be  attri- 
buted here  as  also  above,  to  the  resistance  of  the  carbons,  and 
especially  to  the  great  length  of  the  space  between  them. 

Curves  obtained  by  wick  carbons. — Wick  carbons  give  origin 
to  accessory  effects  which  modify  the  phenomena  above  explained, 
and  that  to  an  extent  determined  by  the  conductivity  of  the 
saline  vapors  of  the  wick. 

In  fact,  these  vapors  may  offer,  as  has  been  said,  a  passage  for 
the  current  even  when  the  tension  is  insufficient  to  produce  vol- 
atilization of  the  carbon ;  besides  they  aid  in  rekindling  the  arc  at 
each  period,  making  it  much  easier  than  with  homogeneous  car- 
bons. 
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It  is  to  this  circumstance  that  we  may  attribute  the  regularity 
and  stability  of  behavior,  and  the  comparative  silence  of  the  wick 
carbons. 

The  periodic  curves  make  this  influence  evident. 

First  Non-inductive  circ  uits. — Only  arcs  of  very  feeble  current 
(below  eight  amperes),  however,  show  great  duration  of  the 
period  of  no  current ;  moreover,  the  corresponding  leaks  of  the 
curves  of  tension  are  slightly  marked,  often  disappearing  com- 
pletely. Crying  arcs,  which  are  rare  with  this  type  of  carbon 
show  also  more  rounded  forms  than  with  homogeneous  carbons. 

Whistling  arcs  present  perceptibly  the  same  characteristics  as 
with  the  homogeneous  carbons,  except  that  the  rectilinear  portion 
of  the  curve  of  current  may  be  bent  and  less  plainly  marked. 

As  to  silent  arcs  of  a  current  greater  than  eight  amperes,  they 
show  curves  as  much  more  rounded  as  the  conductivity  of  the 
•  wick  is  higher,  see  Figs.  16,  17,  18,  19,  22.  The  curve  of  ten- 
sion in  Figs.  18  or  19,  recalls  nothing  of  the  forms  observed  with 
homogeneous  carbons. 

The  length  of  arc  being  the  same,  the  efficient  voltage  dimin- 
ishes as  the  conductivity  of  the  wick  increases. 

Second.  Inductive  circuits. — The  current  is  never  annulled  to 
a  prolonged  extent ;  the  two  curves  of  tension  and  of  quantity 
disentangling  themselves  still  simultaneously,  but  the  tension 
curve,  losing  its  rectangular  form,  is  more  rounded  as  the  wick 
is  a  better  conductor ;  Figs.  21,  23,  24,  25  and  26.  The  corre- 
sponding curves  of  the  Figs.  24  and  26,  represent  the  phenomenon 
as  it  is  usually  produced.  The  curves  tend  to  approach  a  sinu- 
soidal form,  with  this  difference,  that  the  curve  of  tension  is 
generally  more  flattened,  whilst  the  curve  of  quantity  approaches 
readily  a  triangular  form.  In  the  majority  of  cases  an  angular 
point  or  a  bend  in  the  vicinity  of  zero  recalls  meanwhile,  that  an 
extinction  has  happened,  entailing  a  change  in  the  resistance. 

COMPARISON   WITH   THE    RESULTS   OBTAINED   BY   OTHER   METHODS. 

In  his  photographic  enquiry  cited  above,  the  author  has  already 
shown  that  the  extinctions  of  the  alternating  arc  are  produced 
in  all  cases,  but  that  they  are  disentangled  and  vary  in  length 
according  to  certain  laws  as  functions  of  the  quantity,  of  the 
length  of  the  arc,  and  of  the  self-induction  of  the  circuit.  The 
periodic  curves  clearly  explain  these  phenomena,   particularly 
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that  of  the  reduction  in  duration  of  the  extinctions  by  self-induc- 
tion.   The  reader  may  make  these  comparisons  for  himself. 

In  i\early  all  the  curves  obtained  with  homogeneous  carbons, 
the  moment  when  the  current  of  carbon  which  constitutes  the 
arc  is  established  and  is  broken,  is  marked  clearly  by  the  form 
itself  of  the  tension  curve.  But  curves  obtained  from  wick  car- 
bons do  not  give  the  same  information. 

To  determine  the  points  of  kindling  and  of  extinction,  we 
should  have  to  register  on  another  drum  fastened  on  the  axis 
of  the  machine,  a  photograph  of  the  arc  by  the  method  already 
followed. 

The  author  has  found  the  most  simple  plan  to  use  this  drum,, 
(or  another  moved  by  any  motor,  whatsoever)  for  the  recording 
of  the  curves  of  current  themselves  by  a  new  method.  With 
this  end  he  has  projected  on  the  slit  of  the  camera  obscura  of  the 
drum,  not  the  arc  itself,  but  an  image  of  it,  formed  by  the  small 
mirror  of  an  oscillograph.*  The  latter  is  traversed  by  the  cur- 
rent feeding  the  arc,  and  reproduces  with  sufficient  accuracy  its 
very  rapid  variations. 

The  curve  which  registers  on  the  drum  is  then  the  periodic 
curve  of  the  quantity  of  current  itself.  The  depth  of  this  curve 
according  to  the  ordinates  is  at  each  moment  proportional  to  the 
breadth  of  the  arc  at  its  centre,  and  the  curve  is  interrupted  at 
the  same  time  that  the  arc  is  extinguished.  Fig.  28  is  the 
reproduction  of  one  of  the  curves  thus  taken  on  a  silent  arc,  with 
wick  carbons,  produced  by  a  Gramme  alternator.  It  shows  that 
although  the  quantity  varies  constantly  in  the  vicinity  of  zero, 
the  arc  is  extinct  before  the  current  becomes  nil  and  rekindles 
only  after  it  has  resumed  a  considerable  strength.  In  this  way 
an  irreputable  demonstration  is  obtained  of  the  great  conductivity 
of  the  saUne  vapors  or  the  incandescent  gases,  during  the  extinc- 
tion of  the  carbon  current  properly  so  called,  which  alone  is 
sufficiently  actinic  to  impress  the  photographic  paper  under  the 
conditions  of  the  experiment. 

In  replacing  as  the  source  of  light  the  alternating  arc,  by  a 
continuous  current  arc  placed  behind  a  vertical  slit,  the  oscillo- 
graph has  enabled  us  also  to  take  off  the  current  produced  by  the 
same  alternator  on  a  non-inductive  circuit,  Fig.  29,  then  in  a 


♦The  oscillograph,  of  which  the  author  has  recently  given  the  description  and 
the  theory.  (OamptesRendus  de  1'  Academie  des  Sciences,  March,  1893,  and 
May,  1898.) 
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hissing  arc,  between  wick  carbons,  Fig.  30.  The  latter  curve 
conforms  to  the  types  already  described,  provided  the  alternator 
has  great  self-induction. 

Results  Obtained  by  Earlier  Experimenters. — The  few  results 
previously  obtained  by  earlier  experimenters  are  only  isolated 
cases,  which  it  is  interesting  to-day  to  classify  under  the  series  of 
types  just  described. 

In  his  excellent  paper  on  the  Siemens  machine,  M.  Joubert, 
without  publishing  the  periodic  curves  of  the  arc,  has  attributed 
to  the  curve  of  tension  a  nearly  perfect  rectangular  form.*  This 
holds  good  for  the  employment  of  a  machine  with  great  self- 
induction,  and  homogeneous  carbons  or  wick  carbons  of  low  con- 
ductivity. The  author  has  succeeded  in  reproducing  this  form 
perfectly,  with  small  wick  carbons  of  low  conductivity;  but 
it  is  difficult  to  realize  with  certainty ;  it  should  be  considered 
as  an  infrequent  occurrence.  The  idea  which  has  been  held  for 
some  considerable  time  of  making  it  a  general  type  must  there- 
fore be  renounced. 

More  recently  Messrs.  Tobey  and  Walbridgef  have  published 
some  curves  of  the  arc  produced  by  the  Stanley  alternator; 
unfortunately  nearly  all  of  them  are  disfigured  by  the  resistance 
of  the  carbons  themselves,  and  by  the  effect  of  the  regulating 
bobbin  of  the  lamp  which  gives  rise  to  an  apparent  disruption 
between  the  tension  and  the  quantity ;  the  only  one  which  really 
applies  to  an  arc  properly  so  called,  is  that  which  these  authors 
have  obtained  while  regulating  the  lamp  by  hand.  It  presents 
the  two  beaks  noticed  above  and  responds  exactly  to  the  type  of 
Fig.  6 ;  it  shows  in  fact  that  the  Stanley  machine  possesses  a  high 
self-induction  and  that  the  carbons  used  were  homogeneous. 

Factor  of  power. — The  periodic  curves  permit  the  calculation 
of  the  factor  of  power  with  a  greater  precision  than  any  other 
method ;  and  to  analyze  the  causes  which  modify  it. 

The  factor  of  power  is  defined  as  the  ratio : 

(e  i)  mean 

y    =   ^ 1 

i^?~mean  X    i^^mean 

The  value  of  y  approaches  nearer  to  accuracy  as  the  number 
of  ordinates  measured  on  the  curves  is  greater. 

♦Joubert  :  Journal  de  Physique,  1881. 

f  American  Institute  of  Electrical  Engineers,  Oct.  21, 1890. 
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This  calculation  has  been  made  by  the  author,  aided  by  M. 
•Guilbert,  for  a  great  number  of  groups  of  curves. 

10  groups  obtained  with  a  Siemens  La  Cour  machine  )  ami  wick  car- 

>  bons  (French 

8       "  "  "     "  De  M&itens  machine        )  light- ho  use 

1  type). 

18"  "  u     "  Siemens  machine  and  carbons  of  all 

sorts. 

In  the  first  series,  not  including  any  hissing  arc,  y  has  varied 
between  0.76  and  0.98. 

In  the  second  series  y  varied  from  0.80  to  0.97  for  non-hissing 
arcs  and  fell  to  0.68  for  two  hissing  arcs. 

By  way  of  verification  the  author  has  made,  on  arcs  produced  by 
these  two  machines,  more  than  50  measurements  with  a  Siemens 
electro-dynamometer,  a  Cardew  voltmeter  and  a  Zipernowsky 
wattmeter ;  the  results  entirely  agreeing  with  those  furnished  by 
the  curves.     The  factor  of  power  has  seldom  fallen  below  0.70.* 

Finally,  the  third  series,  made  under  more  diverse  conditions, 
has  given  more  distinct  differences.  The  curves  here  reproduced 
bear  the  indication  of  the  factors  of  power,  and  the  calculated 
results  are  recapitulated  in  the  table. 

It  is  seen  that  the  feeblest  factor  0.70  was  obtained  in  the  case 
of  a  hissing  arc;  which  confirms  a  remark  already  made  by 
Messrs.  Ayrton  and  Sumpner.f  But  the  cause  of  the  phenomenon 
should  not  be  looked  for,  as  has  been  thought,  in  the  separation 
between  the  quantity  and  the  tension,  the  form  of  the  curves 
suffices,  as  may  easily  be  seen,  to  modify  the  factor  of  power 
within  the  widest  limits.  This  factor  is  feeble  in  proportion,  as 
the  period  of  no  current  is  prolonged. 

The  comparison  of  the  effect  of  an  alternating  arc  with  an 
induction  should  therefore  be  expunged  from  manuals  where  it 
has  been  introduced,  in  consequence  of  a  too  frequent  confusion 
between  alternating  currents  in  practice  and  theoretical  sinu- 
soidal currents.  For  the  satfie  reason  the  hope  of  preventing 
hissing  by  the  use  of  condensers  must  be  abandoned. 

The  minimum  value,  y  =  0.70,  is  greater  than  that  pointed  out 
by  Messrs.  Ayrton  and  Sumpner.  These  authors  found  \  (by  a 
method  perhaps  less  precise),  figures  as  low  as  0.50  for  a  fre- 

*  Some  of  these  results  can  be  found  in  La  Lumiere  Electrique,  vol.  42,  p.  560, 
And  vol.  48,  p.  59. 

f  Proceeding*  of  the  Royal  Society,  vol.  49,  pp.  424-4S9. 

X  Proceeding*  of  the  Royal  Society  %  vol.  49,  p.  431. 
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quency  of  100 ;  it  seems  possible  that  this  difference  may  arise 
from  the  difference  of  frequency ;  it  will  be  sufficient  explanation 
to  admit  that  the  relative  duration  of  the  extinctions  with  the 
period  of  no  current  increases  with  the  frequency.  Kemarks 
made  further  on  concerning  the  stability  will  confirm  this  view. 
Variation  of  the  qucmtity  and  the  tension  with  the  length  of 
the  arc. — It  is  impossible  to  fix  for  alternating  currents  a  relation 
analogous  to  the  formula  given  for  continuous  current  arcs 

V  =  a  +  hi. 

All  depends  in  fact  on  the  form  of  the  periodic  curves,  which 
is  continuously  variable  according  to  the  conditions  of  production 
of  the  arc,  and  the  kind  of  arc  employed.  For  instance,  two 
machines  may  require  comparatively  slight  differences  in  efficient 
tensions  to  produce  across  the  same  distance  between  the  carbons, 
arcs  of  equal  intensity.  During  his  experiments  the  author  has 
ascertained  that  the  Siemens-La  Cour  machine  requires  about  one 
or  two  volts  more  than  the  de  Meriten6  machine,  with  the  same 
carbons. 

Distribution  of  Voltageinthe  Arc. — The  author  has  endeavored 
to  give  some  account  of  the  manner  of  distribution  at  each 
moment  of  the  difference  of  potential  existing  between  the  points 
of  the  carbons.  To  this  end  he  introduced  in  the  arc  the  ex- 
tremities of  two  little  carbon  rods  placed  respectively  as  near  as 
possible  to  the  two  incandescent  carbon  points.  Then  he  in- 
scribed successively  on  the  same  sheet,  the  differences  of  potential 
measured  between  the  rods  and  the  carbons. 

The  experiment,  which  requires  rather  a  long  arc,  could  only 
be  made  with  soft  wick  carbons,  for  lack  of  sufficient  voltage  in 
the  machine.  The  result  obtained  shows  that  the  total  difference 
of  potential,  divides  as  in  the  continuous  current  arc,  into  three 
descents  of  varying  importance  ;*  the  greatest  takes  place  at  the 
surface  of  passage  of  the  positive  electrode,  the  same  as  in  a 
continuous  current  arc ;  the  second  at  the  surface  of  passage  of 
the  negative  electrode  and  varies  nearly  proportionally  as  the 
first ;  lastly,  the  third  is  due  to  the  resistance  of  the  arc  itself 
and  presents  a  rather  angular  zero  at  each  change  in  the  direction 
of  the  current. 

The  curves  of  fall  of  potential  in  the  arc,  and  of  quantity  of 
current  allow,  by  dividing  the  ordinates  of  the  former  by  those 

•Uppenhorn. 
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of  the  latter,  the  deduction  of  the  law  of  variation  of  the  resist- 
ance of  the  arc. 

This  as  may  be  seen,  passes  by  a  minimum  about  the  middle  of 
each  alternation,  that  is  to  say,  when  the  current  is  at  its  maxi- 
mum quantity,  and  shows  a  discontinuous  variation  each  time 
the  current  becomes  nil.  The  latter  fact  explains  itself  if  we 
admit  that  the  conductivity  of  the  arc  is  a  conductivity  by  con- 
vection, analogous  to  that  of  the  air  between  two  incandescent 
surfaces. 

The  researches  of  M.  Blondlot*  have  shown  that  this  conduct- 
ivity proceeds  from  an  emission  of  molecules  of  air  charged  with 
electricity  at  one  of  the  electrodes  and  discharging  itself  on 
arrival  at  the  other ;  and  that  the  molecules  leave  the  charged 
electrode  with  the  greater  facility  as  its  temperature  is  higher. 
But  at  each  change  in  the  direction  of  the  current  the  negative 
electrode  is  transformed  into  the  positive  electrode,  that  is  to  say, 
the  charged  electrodes ;  as  at  the  moment  of  this  change  it  is 
cooler  than  the  other  electrode,  one  can  easily  conceive  that  the 
number  of  molecules  subject  to  convection  diminishes  abruptly, 
whence  arises  the  augmentation  in  the  apparent  resistance  of 
the  arc. 

The  same  explanation  may  be  given  to  interpret  the  angular 
point  shown  at  the  zeroes  of  the  curves  of  quantity  in  the  case  of 
wick  carbons;  Fig.  20. 

Deductions  Relating  to  the  Theory  of  the  Electric  Arc. — It  is 
established  to-day  that  when  Edlund  discovered  in  the  continuous 
current  arc,  a  counter  electromotive  force  capable  of  deflecting 
the  galvanometer  after  the  extinction  of  the  arc,  he  was  the 
victim  of  an  experimental  error.  Yet  many  physicists  have  con- 
tinued to  admit  the  existence  of  such  an  electromotive  force. 

The  curves  reproduced  here,  taken  as  a  whole,  demonstrate  in 
the  most  evident  manner  that  there  exists  in  the  electric  arc 
neither  polarization  nor  electromotive  force,  in  the  ordinary 
sense  of  the  words,  or  at  least  that  their  value  is  inappreciable. 

In  fact  in  the  one  or  the  other  of  these  two  hypotheses,  there 
ought  to  be  a  separation  of  the  quantity  in  proportion  to  the 
difference  of  potential  at  the  terminals  ;  that  is  to  say  that  the 
two  curves  ought  not  to  pass  by  their  zeroes  at  the  same  time,  as 
is  the  case  on  all  of  our  diagrams. 

*G>mph$-Rendus,  1887,  vol.  104,  p.  288. 
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It  is  besides  evident  that  according  to  all  our  knowledge  of 
polarization,  it  could  not  exist  in  a  gaseous  medium  at  these  high 
temperatures. 

Infltience  of  the  Frequency. — The  author  has  compared  the 
preceding  results,  all  corresponding  to  the  frequency  53.3,  with 
those  obtained  with  a  lower  frequency,  25  periods  only.  The 
periodic  curves  taken  have  presented  identically  the  same 
characteristics,  besides  he  can  see  no  cause  which  might  operate 
to  modify  them. 

The  only  points  on  which  we  should  expect  to  feel  the  influ- 
ence of  the  frequency  are  the  factor  of  power,  as  has  been 
explained  above ;  and  the  stability,  which  will  be  treated  below. 

Stability  of  the  Alternating  Arc. — One  of  the  most  important 
practical  questions  is  that  of  the  steadiness  of  the  alternating 
arc,  that  is  to  say,  its  resistance  to  extinction  from  accidental 
causes ;  currents  of  air,  electrical  oscillations,  etc.,  in  the  circuit. 

The  mechanism  of  the  lamp  cannot  and  ought  not  to  respond 
to  abrupt  variations,  and  it  is  wrong  to  attribute  to  that  cause 
the  frequent  extinctions  which  really  arise  from  the  carbons  or 
from  the  circuit. 

The  steadiness  of  an  alternating  arc  is  only  assured  when  the 
disposable  e.  m.  f.  (induced  e.  m.  f.)  is  sufficient  to  rekindle  the 
arc  with  absolute  certainty  at  each  alternation,  and  when  at  the 
same  time  the  duration  of  the  extinction  is  not  sufficient  to  cool 
the  carbons  to  a  temperature  below  that  at  which  rekindling  can 
take  place. 

The  periodic  curves  show  that  the  tension  necessary  to  assure 
these  two  conditions  depends  on  numerous  factors :  The  nature  of 
the  carbons,  quantity  of  the  current,  length  of  the  arc,  frequency 
of  alternations,  and  constitution  of  the  exterior  circuit.  The 
author  has  directly  investigated  the  effect  of  these  diverse  ele- 
ments in  determining  the  disposable  e.  m.  f.  (that  is  to  say,  the 
e.  m.  f.  induced  by  the  machine,  which  must  not  be  confounded 
with  tension  at  the  terminals)  strictly  sufficient  for  maintaining 
an  arc,  sheltered  from  exceptional  currents  of  air.  He  will  recall 
here  some  results  which  have  already  been  published,  completing 
them  in  several  details. 

Firstly,  experience  has  shown  that  the  voltage  increases  very 
rapidly  with  the  length  of  the  arc.  This  conclusion,  being  almost 
obvious,  will  not  be  referred  to  again.  Finally  there  is  ground 
for  distinguishing  the  case  of  homogeneous  carbons  from  that  of 
wick  carbons. 
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First.  Homogeneous  Carbons. — One  can  easily  enough  form 
an  arc  of  30  to  40  amperes  with  homogeneous  carbons  by  the  use 
of  an  induced  e.  m.  f.  of  40  to  45  volts.  When  we  reduce  the 
quantity  to  ten  amperes,  one  is  tempted  to  diminish  the  e.  m.  f. 
of  the  machine,  but  immediately  the  arc  goes  out ;  if  we  then 
try  to  maintain  the  same  e.  m.  f.,  but  add  to  the  circuit  a  resis- 
tance or  a  self-induction,  the  arc  still  goes  out. 

Finally,  the  only  satisfactory  solution  is  to  increase  the  e.  m.  f. 
at  the  same  time  that  resistance  or  self-induction  is  inserted  in 
the  circuit.  This  increase  ought  to  be,  with  the  sort  of  carbons 
under  discussion,  as  much  greater  as  the  quantity  of  current  is 
lower ;  it  depends  to  a  great  extent  on  the  quality  of  the  carbons, 
the  most  friable  being  those  which  give  most  steadiness.  The 
carbons  of  the  Jablochkoff  candle  have  exceptional  qualities  in 
this  respect. 

Finally  it  is  necessary  to  reduce  the  diameter  of  the  carbons 
proportionately  to  the  quantity  of  current,  and  to  produce  the 
smallest  arcs,  it  has  been  absolutely  necessary  to  resort  to  the 
-carbons  of  the  Jablochkoff  candle,  which  are  constructed  for  very 
high  current  densities. 

The  following  table  shows  some  of  the  results  obtained : 


Efficient 
Quantity  of 
Current  m 

Amperes. 


37 
M 

8 

6 

5 

4-6 
ao 


Quality  of  Carbon. 


C  homogeneous,  hard 
C 

Chard 

Jablochkoff    

•  ■  •  ■ 

Retort  Carbon,  trim- 
med. 


Diameter  in 

Length  of 

Arc  in 
Millimetres. 

Millimetres. 

io 

a 

xo 

3 

5 

a 

3 

3  , 

3 

% 

3 

3  , 

6 

K 

Minimum 

Tension  at 

Efficient 

the  Arc  1  er- 

B.  M    f.  in 

minals  in 

Volts. 

Volts. 

44.5 

32.7 

56 

40 

68 

50 

72  . 

50 

40 

30 

54 

37 

76 

45 

It  was  practically  impossible  to  go  lower  than  four  amperes  with 
the  voltage  available. 

The  necessity  for  employing  at  the  same  time  a  high  induced 
e.  m.  f.  and  a  resistance  or  6elf -induction  is  easily  explained  when 
we  recall  the  fact  that  the  flow  of  electricity  takes  place  at  each 
instant  of  time,  not  by  virtue  of  the  e.  m.  f.  itself,  but  because 
of  the  difference  between  that  e.  m.  f.,  $,  and  the  constant 
tension  W,  necessary  for  the  vaporization  of  the  carbon ;  we  may 
then  by  calling  p  the  resistance  of  the  arc  itself,  v  that  of  the 
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remainder  of  the  circuit,  and  I  the  self-induction,  write  the 
equation  of  the  current  under  the  form 

(»  _  U)  —  (v  +  p)i—ldJL=  0. 

at 

But  as  we  know  from  results  relating  to  the  continuous  current 
arc,/>  varies  perceptibly  enough  in  inverse  ratio  from  i\  i  would 
then  be  indeterminate  if  there  were  no  limits  to  v  or  to  I. 

Besides  the  tension  of  rekindling  being  much  higher  than  the 
normal  tension  u,  $  —  u  must  necessarily  be  great ;  however,  to 
have  i  small,  it  is  necessary  that  v  or  I  may  be  large  enough.* 

Whether  using  either  homogeneous  or  wick  carbons,  whenever 
there  is  reason  or  necessity  for  employing  rheostats  or  bobbins 
in  the  circuit,  experiment  as  well  as  reasoning  lead  us  to  prefer 
the  employment  of  self-induction  to  that  of  resistance,  because  it 
carries  in  its  train  no  loss  of  energy ;  and  because  on  the  other 
hand  it  shortens  the  extinctions  owing  to  the  special  form  which 
it  gives  to  the  curves  of  tension.  We  may  say  that  self-induction 
gives  a  peculiar  elasticity  to  the  circuit,  and  this  is  measured  by 
the  difference  between  the  efficient  disposable  e.  m.  f.  at  the  lamp 
terminals  on  open  circuit,  and  the  efficient  tension  between  the 
points  of  the  carbons  while  the  current  is  passing. 

In  general  this  elasticity  may  be  produced  by  other  inductive 
phenomena,  such  as  the  reaction  of  the  armatures  of  machines,  the 
mutual  induction  of  the  circuits  of  transformers,  etc. 

Let  us  suppose,  for  example,  that  an  arc  be  placed  in  the 
secondary  of  a  transformer  whose  primary  circuit  is  fed  with  a 
constant  potential  E  by  an  alternator.     Generally  the  tension  at 

*  Dr.  Hopkinson  has  made  the  integration  of  the  problem  (Journal  of  the 
Society  of  Telegraph  Engineers,  vol.  xiii.,  1884-85,  pp.  495-515)  admitting  for 
the  differential  equation  the  form : 

E0  sin  *£_f  ±  A  —  v  i  —  l**  =  0, 

in  which  all  the  coefficients  are  constant.     He  has  also  implicitly  admitted  the 
existence  of  a  counter-electromotive  force  acting  even  during  the  extinctions; 
the  solution  also  gives,  contrary  to  experience,  a  divergence  between  the  quan- 
tity and  the  tension. 
The  same  applies  to  the  differential  equation 

L  *J+RI+  -  Cldt  =  E0  sin  2  n  t 
dl  cj  1 

proposed  by  Messrs.  Mascart  and  Joubertf  in  the  hypothesis  of  a  polarization  of 
the  positive  electrode. 

In  reality  the  problem  seems  not  to  be  susceptible  of  a  mathematical  inter- 
pretation, because  the  term  e  appears  only  at  the  beginning  of  the  kindling  of 
the  arc  ;  and  because  it  is  impossible  on  the  other  hand  to  bring  into  the  equa- 
tion the  phenomenon  of  the  disruptive  discharge. 
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the  terminals  of  the  primary  Ex  will  be  notably  inferior  to  the 
induced  b.  m.  f.  of  the  alternator  E%  (the  latter  k.  m.  f.  to  be 
measured  at  the  terminals  of  the  alternator  on  open  circuit).  If 
then  at  a  given  moment  all  the  lamps  be  extinguished  without 
changing  the  excitation,  the  tension  at  the  terminals  of  the 
primary  will  lose  a  value  Exl  >  E^  and  the  e.  h.  f.  induced  by 
the  secondary  will  become  E%  >  E%. 

The  difference  E%  —  E^  measures  the  elasticity  of  the  arc 
circuit  and  is  not  generally  negligible ;  it  is  to  be  noticed  that  it 
increases  with  the  charge  of  the  alternator,  especially  if  the  latter 
be  of  iron,  for  which  the  difference  &  —  Ex  is  usually  very 
important.    The  stability  will  increase  at  the  same  time. 

This  hidden  effect  may  explain  why  the  same  lamps  work  well 
At  certain  times  and  not  at  others. 

Second.  Wick  Carbons. — Steadiness  is  obtained  the  more 
easily  as  the  wick  is  softer.  So  there  is  seldom  any  comparison 
possible  between  wick  carbons  and  hard  carbons.  I  will  quote  as 
an  example  the  following  experiment  made  with  a  La  Cour  alter- 
nator, giving  80  volts  induced  e.  m.  F.*and  45  volts  at  the  ter- 
minals when  closed  on  a  lamp  of  50  amperes ;  wick  carbons  of 
an  increasing  degree  of  conductivity  were  successively  placed  in 
the  lamp,  and  the  arc  was  allowed  to  lengthen  until  extinction 
took  place.  The  length  of  arc  that  may  be  taken  as  the  limit  of 
stability  has  varied  from  3  mm.  (hard  homogeneous  carbons)  to 
32  mm.  (soft  low -voltage  wick  carbons). 

Under  these  conditions  it  is  difficult  to  give  definite  figures 
relative  to  wick  carbons.  The  author  will  only  remark  that  the 
arcs  corresponding  to  the  curves  reproduced  here  were  obtained 
with  b.  m.  f.  superior  to  45  volts.  With  very  low  voltage  carbons 
the  author  has  been  able  to  reduce  the  induced  e.  m.  f.  necessary 
for  stability  to  40  volts,  with  arcs  of  8  amperes  presenting  ten- 
sions comprised  between  24  and  30  volts,  and  one  might  go  even 
lower  by  using  wicks  of  great  conductivity,  as  has  been  done  in 
certain  cases,  especially  in  Germany.  Adopting  this  way  of 
thinking, ,  the  establishment  of  Gruz  &  Co.  has  published  re- 
cently a  description  of  the  following  process  of  distribution : 
The  current  should  be  furnished  at  a  constant  potential 
by  transformers  giving  100  volts  at  the  terminals  of  utiliza- 
tion; three  derivations  of  33  ohms  each  taken  from  the 
secondary  circuit  feed  the  lamps  in  shunt.  Notwithstanding 
the  elasticity   which  the  primary   circuit    is    able   to  furnish 
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to  the  secondary,  as  we  shall  soon  see,  these  conditions  exact  the 
use  of  exceedingly  soft  wick  carbons  and  even  then  perfect 
stability  is  not  assured.  It  seems  more  advantageous  to  set  up 
the  three  lamps  in  series,  as  will  be  seen  later,  or  to  count  at 
least  on  45  volts  of  induced  e.  m.  f.  for  each  arc  in  simple  shunt. 

The  part  played  by  the  frequency  is  double ;  on  one  hand,  in- 
creasing the  alternations  increases  the  self-induction  ;  and  on  the 
other  it  diminishes  the  absolute  duration  of  the  extinction. 

It  is  then  probable  that  a  rapid  periodicity  is  very  favorable  to 
stability ;  the  author  has  compared,  with  this  in  mind,  arcs  of  26 
and  of  52  periods,  maintaining  in  both  cases  70  volts  e.  m.  f.  and 
a  self-induction  of  0.0064;  with  carbons  of  10  millimetres  not 
less  than  15  amperes  could  be  U6ed  in  the  first  case,  and  10  in  the 
second.  This  is  only,  be  it  understood,  a  general  indication,  as 
the  26  period  arc  dazzles  too  much.  Further,  one  cannot  go  be- 
low 40  periods  on  account  of  the  flickering  of  the  light. 

III.     Pkactical  Applications. 

Owing  to  the  method  followed  in  carrying  out  these  experi- 
ments, that  is,  with  a  clearly  defined  construction  of:  the  circuit, 
it  is  easy  to  apply  the  results  obtained  to  ordinary  practical  cases. 

Let  us  suppose  that  it  is  a  question  of  direct  distribution  in 
series,  comprising  a  circuit  of  n  arcs,  with  a  total  resistance  E 
outside  the  arcs,  and  a  total  self-induction  L ;  let  $  be  the  in- 
duced e.  m.  f.,  on  open  circuit,  of  the  alternator  which  furnishes 
the  current.     In  practice  one  can  consider  each  arc  as  an  isolated 

arc  fed  by  a  circuit  having  resistance  — ,  self-induction  —  acted 

n  n 

on  by  an  e.  m.  f.  — 

J  n 

On  the  contrary,  if  it  is  a  question  of  distribution  in  deriva- 
tion, each  arc  may  be  considered  as  fed  by  a  circuit  having  resis- 
tance n  7?,  a  self-induction  n  Z,  in  which  is  acting  the  e.  m.  f.  & 
itself  in  the  case  of  direct  distribution ;  or  the  e.  h.  f.  divided 
by  the  coefficient  of  transformation  in  the  case  of  a  distribution 
by  transformers. 

We  can  then  foresee  approximately  what  type  of  curves  we 
shall  have  occasion  for  in  each  case.  Circuits  in  practice  nearly 
always  possess  a  considerable  self-induction ;  the  periodic  curves 
will  then  most  usually  be  those  which  have  been  given  for  induc- 
tive circuits.     Iron  contained  in  the  machine  or  in  transformers 
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may  also  produce  a  certain  effect,  more  difficult  to  foresee,  on 
the  form  of  the  curves  or  quantity,  as  was  noticed  above. 

This  admitted,  two  questions  should  be  examined  from  the 
point  of  view  of  industrial  practice:  The  steadiness  of  the 
arcs ;  and  the  economy  of  the  system  of  distribution. 

Definite  stability,  as  we  have  just  seen,  is  the  same  for  an  arc 
in  simple  derivation  as  for  the  equivalent  isolated  arc.  But  if 
we  group  several  arcs  in  series,  their  individual  stability  increases 
rapidly  with  the  number  of  lamps,  and  the  same  is  true  of  con- 
tinuous current  arcs.  That  is  true,  very  probably,  for  the  reason 
that  the  elasticity  necessary  to  each  one  is  furnished  by  the  total 
resistance  of  the  circuit.  In  other  words,  if  one  of  them  tends 
to  go  out,  it  would  be  seldom  that  all  should  have  the  same  tend- 
ency at  the  same  time ;  therefore,  each  one  of  them  profits  for  its 
own  account,  by  the  whole  of  the  disposable  e.  m.  f.  (the  differ- 
ence between  the  induced  e.  m.  f.  on  open  circuit  and  the  sum  of 
the  tensions  between  the  electrodes  of  all  the  arcs  combined.) 
Moreover  series  distributions  by  the  machines  of  Gramme, 
(Jablochkoff  candles),  Westinghouse,  etc.,  show  an  excellent  sta- 
bility. 

By  reason  of  this  fact,  long  ago  demonstrated,  and  to  the  rather 
low  voltage  necessary  for  an  alternating  arc,  lighting  by  alternat- 
ing currents  from  transformers  in  parallel,  is  carried  on  nearly 
everywhere  to-day,  using  transformers  of  100,  110  or  120  volts, 
on  which  the  lamps  are  grouped  in  derivation,  with  three  or  four 
in  a  series. 

This  process,  favored  by  the  houses  of  Ganz,  of  Buda-Pesth,  and 
Helios,  of  Cologne,  isYapidly  coming  into  general  use.  The  Helios 
plan  is  to  use  at  a  frequency  of  40  periods  (Zipernowsky  apparatus) 
four  arcs  on  transformers  of  110  volts,  which  amounts  to  27.5  per 
lamp ;  they  attribute  the  success  of  this  disposition  to  a  peculiar 
make  of  lamps.  In  reality  the  latter  do  not  possess  any  mysterious 
virtue,  and  the  stability  obtained  with  such  low  voltages  ought 
rather  to  be  attributed  to  the  grouping  in  series,  and  to  the  ex- 
ceedingly high  conductivity  of  the  wicks  of  the  carbons.  This 
quality  of  the  wick  seems  to  be  magnified  by  the  motives  which 
will  be  pointed  out  later  on  ;  the  author  does  not  believe  that  so 
great  a  reduction  of  the  voltage  is  an  advantage. 

But  the  grouping  in  series  is  nevertheless  commendable ;  with 
suitable  carbons  it  is  easy  to  place  three  lamps  on  the  circuit  at 
110  volts,  adding,  if  desired,  a  self-induction  bobbin  to  increase 
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the  stability.  The  want  of  success  recently  experienced  in  Paris, 
with  alternating  current  lamps,  should  be  attributed,  for  the 
greater  part,  to  an  insufficient  knowledge  of  the  conditions  neces- 
sary for  the  stability  of  the  alternating  arc. 

To  economically  distribute  light  by  alternating  current  arcs, 
the  three  following  desiderata  must  be  satisfied  :  First,  to  reduce 
the  loss  from  the  Joule  effect  in  the  carbons  by  giving  them  the 
highest  possible  conductivity ;  second,  to  reduce  the  loss  in  the 
lamps,  the  conductors  and  the  machines,  by  augmenting  as  much 
as  possible  the  factors  of  power  of  the  circuit  and  of  the  arc  ;* 
Third,  to  augment  as  much  as  possible  the  yield  in  luminosity  of 
the  arc  itself. 

The  first  condition  is  easily  filled  by  the  employment  of  a 
dense  paste  of  high  conductivity  for  the  homogeneous  portion  of 
the  carbon,  the  section  occupied  by  the  wick  being  relatively 
insignificant. 

The  second  requires  the  adoption  of  a  soft  wick  of  which  the 
result  is  as  has  been  seen,  a  reduction  in  the  self-induction  or  the 
rheostat  necessary  to  secure  stability,  and  the  assimilation  of  the 
arc  itself  to  a  simple  non-inductive  resistance. 

The  third  leads  unfortunately  to  contrary  results.  The  em- 
ployment of  self-induction  is  indeed  very  advantageous  in  reduc- 
ing the  extinctions  and  the  lowering  of  the  degree  of  incandes- 
cence which  is  the  result  of  them.  On  the  other  hand  the  use  of 
soft  wicks  noticeably  lessens  (at  least  15  to  20  per  cent.)  the 
brilliancy  of  the  incandescent  portions,  and  thus  imparts  to  many 
alternating  arcs,  especially  to  those  of  small  quantity,  that  reddish 
tint,  which  may  be  easily  verified.  In  reality,  soft  low- voltage 
carbons,  present  a  phenomenon  intermediate  between  that  of  the 
arc  properly  so-called,  and  that  of  simple  incandescence ;  analo- 
gous to  that  of  the  Reynier,  Werdermann  and  other  lamps,  known 
as  "  semi-incandescent."  The  luminosity  obtained  under  these 
conditions  is  inferior  to  that  given  by  high- voltage  carbons. 

To  realize  economical  lighting,  we  should  endeavor  to  compro- 
mise in  the  greatest  possible  measure  between  these  two  opposite 

♦This  does  not  refer  to  the  factor  of  power  of  the  alternator  itself  (ratio  of  the 
tension  at  the  terminals  of  the  induced  e.  m.  f.)  because  that  is  constantly 
variable  with  the  charge,  and  necessarily  must  have  a  very  small  value  in  iron 
machines.  The  author  has  recently  shown  elsewhere  {Lumiire  EUctrique,  vol. 
48,  1892)  that  to  realize  the   maximum  of  utilization  in  any  given  inductive 

field,  the  factor  of  power  must  be  reduced  to  --%-,  as  is  the  case  in  many  iron 
alternators.  V  2 
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points  of  view ;  and  this  can  only  be  done  in  a  rational  manner, 
when  a  series  of  photometric  measurements  shall  allow  us  to 
•calculate  exactly  the  luminosity  given  as  a  function  of  the  voltage 
demanded  by  wick  carbons. 

Meanwhile,  constructors  seem  to  neglect  a  little  too  much,  the 
question  of  luminosity,  in  favor  of  the  questions  of  stability  and 
convenience,  and  it  would  be  well  to  resist  an  excessive  lowering 
of  voltage,  informing  consumers  that  if  they  feed  with  the  same 
-current  and  the  same  number  of  watts  four  lamps  in  series  in 
place  of  three,  it  is  at  the  expense  of  the  quantity  of  light  fur- 
nished by  each  one,  and  may  even  be  at  the  expense  of  the 
product  of  the  whole. 

The  author  considers  as  provisionally  to  be  recommended  the 
grouping  of  lamps  in  series  of  three  on  transformers  of  110  to  120 
volts,  with  carbons  of  medium  voltage  (32  to  35  volts  at  the  ex- 
tremities of  the  carbons),  the  remainder  of  the  tension  being 
•absorbed  by  the  regulating  bobbins  of  the  differential  lamps,  or 
by  a  self-induction  bobbin  added  in  series ;  we  shall  have  thus  a 
-satisfactory  stability  without  sacrificing  the  luminosity  by  reduc- 
ing the  factor  of  power  too  much. 

IV.  Summary  and  Conclusions. 

In  summing  up  this  enquiry  we  are  led  to  several  conclusions ; 
the  chief  of  which  are  the  following : 

1st.  The  phenomena  of  the  alternating  current  arc  are  more 
•complex  than  is  ordinarily  supposed,  and  cannot  be  brought 
under  the  head  of  a  single  type.  The  differences  in  the  effect  of 
machines  for  feeding  the  arc  may,  nevertheless,  be  explained  for 
the  most  part,  according  to  the  value  of  their  constants  (resistance 
and  self-induction). 

2nd.  The  form  of  the  periodic  curves  depend  both  on  the  com- 
position of  the  circuit,  real  or  fictitious,  and  on  the  quality  of  the 
•carbons  as  well  as  their  wicks ;  the  latter  play  an  extremely  im- 
portant part  in  all  respects.  The  extinction  of  the  arc  which 
happens  at  each  alternation,  is  not  always  accompanied  by  a 
•cessation  of  current ;  this  cessation  of  current  disappears  as  much 
more  easily  as  the  circuit  is  more  inductive  and  the  wick  a  better 
conductor.  It  is  very  long,  on  the  contrary,  in  hissing  arcs  on  a 
non-inductive  circuit. 

3rd.  To  interpret  the  results  obtained,  we  must  bring  in  not 
only  the  vaporization  of  the  carbon,  but  also  the  effects  of  forcible 
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molecular  detachment  and  the  conductivity  of  the  heated  gases 
and  the  products  of  the  wick.  There  seems  to  be  in  the  arc  no 
counter  electromotive  force  in  the  true  sense  of  the  word. 

4th.  The  factor  of  power  applicable  to  the  arc  approaches  the 
nearer  to  unity  in  proportion  as  its  operation  is  silent  and  the 
wick  soft.  With  low  voltage  wicks,  it  easily  reaches  and  passes 
0.95,  and  the  arc  may  then  be  compared  to  a  dead  resistance, 
whilst  with  homogeneous  carbons  and  especially  with  the  arc 
crying  or  hissing,  the  factor  may  fall  as  low  as  0.70  with  fre- 
quencies of  26  and  52  periods. 

5th.  The  stability  (steadiness)  of  the  arc  depends  both  on  the 
quality  of  the  carbons  and  their  wicks  and  the  disposable  electro- 
motive force ;  which  must  not  be  confounded  with  the  tension 
at  the  terminals;  it  increases  with  the  frequency  and  is  favored 
by  self-induction. 

6th.  The  use  of  arcs  in  series  is  recommended  in  all  respects, 
but  it  should  not  necessarily  involve  the  use  of  low  voltages; 
because  wick6  of  high  conductivity  transform  the  alternating  arc 
into  a  sort  of  semi-incandescent  lamp  whose  stability  and  factor 
of  power  are  excellent,  but  whose  yield  in  luminosity  seems 
mediocre.  The  study  of  the  latter  point  demands  special  re- 
searches. 


ON    THE    CONTINUOUS    CURRENT  ARC   AND  ITS 
EMPLOYMENT  AS  A  PHOTOMETRIC 

STANDAKD. 


BY   A.    BLONDEL, 
Engineer,  Dep't  of  Roads  and  Bridges,  Paris. 


Object  of  this  Enquiry. — Much  discussion  has  arisen,  especially 
of  late,  on  the  nature  of  the  continuous  current  arc.  One  of  the 
phenomena  which  have  most  attracted  attention  is  the  production 
of  light  on  the  positive  crater,  and  the  important  fall  of  voltage 
correlatively  produced  on  that  surface  of  passage. 

The  constancy  of  the  intrinsic  brightness  (luminous  intensity 
radiated  per  unit  of  surface)  had  been  previously  announced  as 
very  probable  by  M.  Rossetti* ;  and  in  a  more  recent  note  Mr. 
Silvanus  P.  Thompsonf  had  affirmed  it  as  the  result  of  certain  un- 
published experiments  made  by  Captain  Abney,  explaining  it  by 
the  ebullition  of  the  carbon. 

Finally,  more  than  a  year  ago,  during  a  discussion  at  the 
Institution  of  Electrical  Engineers  of  London,:];  Mr.  Swinburne 
had  expressed  the  idea  that  by  placing  a  screen  pierced  by  a  pin- 
hole in  front  of  the  crater,  one  could  make  an  absolute  standard 
of  light,  a  process  which  has  perhaps  been  already  applied  by 
Captain  Abney  for  a  different  purpose ;  Mr.  Silvanus  P.  Thompson 
also  made  some  remarks  to  the  same  effect.  But  no  effect  being 
given  by  the  authors  themselves  to  these  proposals,  they  were 
condemned  afterward  by  Mr.  Trotter  in  default  of  experimental 

*Rendi  Conti  dell  'Accademia  die  Lined  (1878-79). 
\8ociety  of  Arts,  March  6,  1889. 
{June,  i$92,  p.  381  and  408. 
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proofs.  The  echo  of  them  had  not  reached  France,  when  M. 
Violle*  undertook,  on  the  brightness  of  the  arc,  a  series  of  meas- 
urements more  complete  and  more  precise  than  all  those  of  his 
predecessors,  and  from  whose  results*  I  present  an  apparatus 
capable  of  being  employed  as  a  secondary  standard  of  light. 

The  experiments  of  M.  Violle  were  executed  by  two  different 
methods :  the  spectrophotometer,  and  photography.f 

The  learned  professor  found  that  the  brightness  of  the  posi- 
tive carbon  is  independent  of  the  electrical  power  expended, 
(quantity  and  voltage).  But  it  was  not  proved  to  be  independent 
of  the  quality  of  the  carbon.  To  clear  up  this  point,  I  made,  in 
collaboration  with  M.  Le  Chatelier,  measurements  of  carbons  of 
different  origin.  The  instrument  used,  the  pyrophotometer, 
having  failed  to  indicate  any  difference,  we  believed  ourselves 
obliged  to  conclude,  while  reserving  the  right  to  make  more 
precise  experiments,  that  the  nature  of  the  carbon  had  no  sensible 
influence. 

It  is  following  these  conclusions  that  I  have  constructed  and 
presented  to  the  Society  of  Electricians  on  March  1st,  1893,  the 
instrument  for  which  I  have  suggested  the  name  of  "  arc  etalon? 
(or,  arc-standard  of  light),  and  which  realized  for  the  first  time 
in  a  practical  manner  the  employment  of  the  crater  as  a  standard. 

Recent  experiments,  carried  out  as  will  be  seen  further  on, 
have  manifested  the  variations  which  escaped  the  pyrophoto- 
meter by  reason  of  the  feeble  sensitiveness  of  that  instrument; 
but  they  have  not  modified  my  conclusions  on  the  subject  of  the 
usefulness  and  legitimacy  of  the  use  of  the  arc-standard  as  the 
secondary  standard  for  the  photometry  of  arc  lamps. 

I  propose  to  show  here  the  motives  which  urged  the  adoption 
(or  at  the  least  the  trial  of  this  system),  the  mode  of  employ 
ment,  and  the  possible  precision* 

Unit  and  Standards  of  Light  It  is  an  error  to  believe,  as  is 
sometimes  said,  that  the  unit  of  light  can  be  defined  in  an  abso- 
lute manner,  as  a  function  of  the  ordinary  physical  elements, 
and  brought  in  consequence  under  the  c.  o.  s.  system. 

*  Bulletin  of  the  International  Society  of  Electricians,  June,  1883. 

fThe  first  of  these  methods  only,  seems  able  to  inspire  perfect  confidence,  for 
one  can  photograph  the  crater  only  through  and  across  the  arc,  in  which  it 
disappears  ;  and  the  latter,  although  transparent  and  barely  luminous,  has  a 
considerable  actinic  power  compared  with  that  of  the  crater  itself,  and  capable 
in  consequence  of  alternating  in  a  great  degree  the  photogenic  differences  of  the 
brightness.  For  my  own  part,  even  in  employing  the  very  short  exposures 
which  are  indispensable,  I  nave  never  been  able  to  obtain  in  the  photographs 
the  effect  of  the  crater  alone,  independent  of  that  of  the  arc. 
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Light,  considered  from  the  photometric  point  of  view,  that  is 
to  say,  such  as  we  need  to  measure  for  practical  application,  is 
not  a  physical  quantity,  but  really  a  physiological  quantity,  irre- 
ducible into  other  quantities  considered  by  physicists. 

The  unit  of  light  can,  therefore,  never  be  defined  otherwise 
than  by  a  concrete  standard,  and  the  sole  instrument  of  measure- 
ment applicable  to  photometric  determinations,  will  always  be 
the  normally  constituted  human  eye. 

In  consequence  of  the  researches  of  M.  Violle,  the  Interna- 
tional Commission  of  1883,  adopted  as  the  absolute  standard, 
the  standard  which  bears  his  name  and  which  fills  all  the  desired 
conditions  of  unchangeability.  There  is  no  cause  to  lay  blame 
on  the  latter  if  the  small  Siemens  platina  standards  constructed 
to  reproduce  it  have  not  been  successful ;  neither  to  go  into  the 


Fig.  1. 


question  of  the  adoption  of  an  absolute  standard;  again,  all 
measurements  ought  to  be  expressed  in  decimal  candles. 

Each  country  and  each  laboratory,  is  evidently  free  to  employ 
by  preference  such  or  such  a  lamp  as  a  secondary  standard,  but  on 
the  condition  that  the  figures  obtained  be  transformed  into  decimal 
candles,*  in  place  of  taking,  as  is  done  too  often,  the  secondary 
standard  as  the  unit. 

Inadequacy  of  Present  Methods  and  Standards  for  the  Photo- 
metry  of  Arc  Lamps  — But  the  Violle  standard,  and  the  second- 

*The  use  of  the  Garcel  is  nevertheless  useful  in  cases  having  to  do  with  ex- 
cessive intensities  like  those  of  light-houses.  In  the  French  light-houses,  to 
avoid  excessively  high  figures,  we  express  the  measurements  in  Carcels  of  10 
decimal  candles.  Furthermore,  the  question  is  under  discussion  to  adopt  a 
higher  unit  of  the  value  of  1,000  decimal  candles,  and  to  call  it  by  a  special 
name,  kUobougie,  or  pyre. 


318 


BLONDEL  ON  CONTINUOUS  CURRENT  ARC. 


ary  standards  at  present  in  use,  are  well  adapted  only  to  the 
measurement  of  sources  having  nearly  the  same  tint.  As  soon 
as  we  undertake  the  photometry  of  arc  lamps  we  run  foul  of 
both  theoretial  and  practical  difficulties. 

Admitting  even  that  one  may  overcome  the  practical  difficulty 
of  equalizing  two  sensations  so  different  as  those  produced  by 
the  two  plates  of  the  photometer,  it  remains  none  the  less  theoret- 
ically impossible  to  express  by  a  single  figure  the  ratio  of  the 
intensities  of  two  sources  of  different  composition. 

This  theoretical  impossibility  which  (d  priori)  renders  illusory 
the  methods  heretofore  known,  and  all  of  those  which  may  have 
been  proposed  later,  arose,  as  is  known,  from  three  principal 
causes,  all  having  a  physiological  origin.* 


Objective  Luminous  Intensities 
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Fig.  2. 


Fir#t.  A  light  practically  interests  us  at  once  by  its  luminous 
intensity  and  its  visual  intensity ;  that  is  to  say,  by  the  facility 
with  which  it  enables  us  to  distinguish  details. 

But,  as  has  been  demonstrated  by  numerous  savants,  parti- 
cularly Dr.  Charpentier,  Messrs.  Mace  de  Lepinay  and  Kierti  and 
Prof.  Langley,  these  two  intensities  do  not  vary  proportionately 
between  themselves  in  passing  from  one  color  to  another,  and  the 
difference  increases  in  proportion  as  the  rays  are  more  refran- 
gible. Fig.  1,  for  example,  reproduces  the  curves  representing 
the  distribution  of  the  luminous  intensity  and  the  visual  intensity 
in  the  spectrum,  according  to  M.  Charpentier.  f  The  latter 
admits  that  vision  comprises  two  distinct  processes  for  the  per- 

*  I  leave  aside  the  secondary  causes,  for  example,  those  due  to  the  yellow  color- 
ing of  the  "  Jovea  Centralis,"  and  to  the  possible  Daltonism  of  the  observer. 
f  Archives  of  Uph'Juihnology,  March — April,  1886. 
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ception  of  light ;  the  distinction  of  details,  and  the  perception  of 
coloring.  These  results  are  confirmed,  if  not  numerically,  at 
least  from  a  qualitative  point  of  view,  by  Prof.  Langley's  experi- 
ments. 

A  comparison  made  between  two  lights  not  having  the  same 
spectral  composition  gives  then  different  results,  according  to 
whether  the  luminous  intensity  or  the  visual  intensity  be  mea- 
sured. 

Second.  The  experiments  of  the  authors  whom  we  have  just 
cited,  prove  besides  that  the  comparison  of  two  hetero  chromatic 
lights  leads  to  different  results,  according  to  dimensions  of  the 
surfaces  measured.  These  phenomena  are  too  complex  for  me 
to  analyze  here ;  *  furthermore,  they  have  been  partly  made  known 
through  M.  Weber's  celebrated  experiment. 

Third.  The  intensity  of  the  luminous  sensation  varies  as  a 
function  of  the  absolute  luminous  intensity,  following  a  different 
law  for  each  color.f 

I  reproduce  in  Fig.  2,  the  curves  of  sensation  traced  experi- 
mentally by  M.  Charpentier  for  several  of  the  colors  of  the 
spectrum.  It  will  be  seen  that  the  sensations  increase  as  much 
slower  as  the  color  is  more  refrangible.^:  This  is  the  phenomenon 
of  Purking6 ;  in  visual  as  well  as  in  luminous  perception  in  suc- 
cessively measuring  the  absolute  intensities  necessary  to  produce 
the  same  luminous  effect,  and  then  the  same  visual  effect  as  a 
monochromatic  light  chosen  as  a  standard  of  comparison,  §  and 
whose  impression  is  then  taken  as  unity  in  the  two  systems  of 
measurement.  From  this  study  they  were  able  to  formulate  two 
very  important  laws : 

(a.)  The  ratio  between  the  visual  and  luminous  impressions  is 
independent  of  the  objective  intensity  in  the  first  half  of  the 
spectrum,  and  increases  only  slowly  with  the  refrangibility. 

(J.)  Beyond  the  radiation,  the  proportion  of  the  visual  impres- 
sion to  the  luminous  impression  increases  very  rapidly,  and  as 
much  more  rapidly  as  the  objective  intensity  of  the  source  is 
greater. 

•See  the  works  of  Charpentier  and  of  Mac6  de  Lepinay. 

f  This  statement  is  nearly  the  same  as  ilelmholtz's. 

%  According  to  Helmholtz,  Mace  de  Lepinay  and  Nicati,  the  curves  intersect 
one  another  at  a  certain  distance  from  the  origin,  which  further  exagerrated  the 
phenomenon.  But  Helmholtz's  curves  are  purely  hypothetical  ;  those  of  Messrs. 
Mace  de  Lepinay  and  Nicati  rest  on  the  law  of  Fecnner,  no  longer  admitted  by 
anyone. 

§The  source  of  comparison  was  the  yellow  portion  of  the  solar  spectrum  under 
•examination. 
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Fig.  3  represents  the  results  obtained  by  Messrs.  Mac6  de 
L^pinay  and  Nicati.  From  all  of  these  physiological  effects  it 
results,  without  any  ambiguity,  that  the  definition  of  the  inten- 
sity of  an  arc  lamp  as  a  function  of  the  intensity  of  a  yellow  or 
reddish  standard  such  as  those  actually  in  use,  is,  a  priori,  im- 
possible*; and  that  hetero-chromatic  photometric  methods  are 
illusory.  They  have  for  result  only  the  effect  of  juggling  away 
the  material  difficulty,  in  bringing  the  photometric  measurement 
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to  one  or  two  easy  readings  in  mono-chromatic  light  Once  the 
readings  are  made  or  multiplied  by  a  convenient  coefficient,  one 
obtains  a  figure  representing  the  so-called  intensity  ;  the  operator 
demanding  nothing  more,  declares  himself  satisfied.  But  the 
theoretical  difficulty  has  not  been  removed;  it  remains  in  its 

■        -  —  -  -  — _  - 

♦Helmholtz  has  said  {"Physiological  Optics"  p.  430)  that  all  effort  to  compare 
two  sources  of  different  colors  is  impossible.  Nothing  has  happened  to  invalidate 
this  high  opinion,  since  the  epoch  at  which  it  was  enunciated. 
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entirety  in  the  determination  of  the  coefficient  K*.  Besides, 
measurements  of  arcs  obtained  by  several  of  these  methods  rarely 
agree.  Generally  speaking,  the  expression  "  an  arc  light  of  so 
many  candles,"  has  no  definite  meaning,  for  it  does  not  indicate 
to  what  absolute  value  of  illumination  that  measure  refers,  nor 
with  what  standard  it  is  obtained. 

The  first  reform  to  be  made  therefore,  will  be  to  insist  that 
measurements  be  made  always  in  identical,  simple  and  clearly 
specified  conditions. 

If  it  is  a  question  of  measuring  one  isolated  arc  lamp,  the  fol- 
lowing process  seems  capable  of  giving  practical  information. 

1st.  We  compare  the  arc  lamp  with  the  standard,  by  the  aid 
of  a  Foucault  or  Bunsen  photometer,  while  winking  the  eyes,  as 
described  by  M.  Allard,  until  the  sensation  of  color  disappears. 
One  obtains  thus  a  value,  characteristic  of  the  luminous  intensity, 
under  conditions  always  identical. 

2nd.  We  compare  then  the  two  sources  by  reading  with  them, 
aided  by  photometers  based  on  the  visual  acuteness,  taking  care 
to  give  in  all  the  trials  the  same  value  to  the  absolute  illumina- 
tion and  to  expressly  indicate  it ;  the  most  convenient  is  that 
which  barely  allows  the  reading  the  characters  of  ordinary  print. 
One  obtains  thus  a  value  of  the  visual  intensity. 

*To  begin  with,  if  this  has  been  established  by  the  method  of  equal  visual  im- 
pressions (for  example,  M.  de  Crova's  method)  it  is  inapplicable  to  tne  comparison 
of  luminous  intensities ;  it  is  the  contrary  if  it  is  established  by  the  method  of 
equal  luminous  impressions  (for  example,  M.  Mace  de  Lepinay's  method).  It  is 
always  necessary,  therefore,  to  specify  the  meaning  of  the  coefficient  K ;  unless 
we  employ  two  calculations,  one  for  each  of  the  two  methods. 

In  tne  second  place,  let  us  see  how  this  calculation  has  been  made.  In  M. 
Crova's  method  (K  =  1)  he  has  estimated  the  visual  intensities  of  the  radiations 
in  the  spectra  of  the  two  sources,  as  a  function  of  one  of  the  radiations  taken  as 
unity  ;  this  is  a  very  delicate  operation  and  the  figures  found  by  the  divers  ob- 
servers who  have  attempted  it  are,  generally,  little  in  accord.  Once  the  curves 
of  visual  intensity  obtained,  we  regard,  according  to  Hoofs  law,  the  total  im- 
pression of  the  spectrum  as  equal  to  the  sum  of  the  impressions  of  the  radiations, 
then  we  bring  the  two  impression  totals  to  the  same  value  by  a  change  in  the 
scale  of  one  of  the  curves  to  determine  the  common  ordinate.  It  is  this  reduc- 
tion which  does  not  appear  to  be  legitimate,  for  in  virtue  of  the  Purkinge 
phenomenon,  the  relative  impression  of  each  radiation  varies  according  to  the 
absolute  intensity. 

In  the  method,  not  less  ingenious,  of  M.  Mace  de  Lepinay  (Comptes  Rendus, 
vol.  97,  p.  428)  he  admits,  as  an  experimental  fact  independent  of  Kirchhoffs 
theory,  which  applies  only  in  the  case  of  dark  bodies  (see  Le  Chatelier,  Society 
de  Physique,  March  4,  1892,  p.  134),  that  "  bodies  of  the  same  temperature  and 
of  different  radiating  powers,  placed  in  a  dark  situation,  emit  light  of  the  same 
spectral  composition,  and  that  it  suffices  in  consequence  to  measure  two  radi- 
ations to  deduce  from  them  the  absolute  intensity."  But  there  again,  to  estab- 
lish the  coefficient  K,  we  compare  radiations  of  different  tints  without  allowing 
for  variations  which  the  proportion  undergoes  by  virtue  of  the  Purkinge 
phenomenon.  This  coefficient  does  not  then  seem  to  be  established  in  a  legiti- 
mate manner.  In  an  analogous  manner  one  might  find  weak  points  in  all  of 
the  methods  of  so-called  hetero-chroinatic  photometry. 
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By  the  aid  of  these  measurements,*  both  easily  made  without 
any  intervention  of  colored  screens,  we  determine  the  value  of 
the  light  under  the  two  extreme  conditions  of  its  use ;  that  is  to 
say  those  that  are  of  the  most  practical  interest.  It  is  of  email 
importance,  in  fact,  that  we  should  know  exactly  the  value  of  a 
light  when  it  is  more  abundant  than  necessary;  the  essential 
desideratum  is  to  know  what  minimum  of  light  it  may  furnish  at 
the  limit  of  possible  utilization ;  once  this  is  known,  the  effect  of 
the  Purkinge  phenomenon  causes  less  inconvenience  than  existing 
methods. 


Fio.  4.— Plan  of  tho  photometric  installation. 

Nevertheless  it  appears  to  be  much  preferable  to  eliminate  the 
causes  of  the  difficulties  noticed,  by  replacing  for  the  stndy  of 
arc  lamps  the  standards  commonly  employed,  by  a  secondary 
standard  having  also  an  arc  for  itB  origin,  and  having  a  nearly 
identical  trat.f     It  suffices  then  to  know  once  for  all,  the  proper- 


*It  would  be  well  also  to  make  a  measurement  with  a  colored  screen  absorbing 
the  blue  and  violet  rays,  so  as  lo  form  an  idea  of  the  value  of  the  lamp  in  foggy 
■weather.  It  is  known  that  the  electric  light  loses  then  a  great  portion  of  its 
advantages. 

fThe  tint  of  a  lamp  is  always  a  little  darker  than  the  standard  because  the 
latter  utilizes  solely  the  most  incandescent  portion,  but  this  difference  is  hardly 
noticeable  and  would  not  constitute  an  objection  to  this  method. 
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ties  of  that  standard  to  form  an  exact  idea  of  the  value  of  all 
lamps  measured  by  it.  This  standard  is  obtained,  as  has  been 
stated  above,  by  isolating  a  small  portion  of  the  positive  crater  of 
a  carbon  sufficiently  pure.  The  apparatus  employed  by  me  for 
this  end  answers  very  well  in  practice. 

J}eacription  qf  the  Are-Standard  Apparatus. — Figs.  4  and  5. 
The  lamp  employed  by  me  and  which  adapts  itself  very  well  to 
this  application,  is  a  Santte  and  Harle  projector  lamp,  whose  car- 
bons are  both  inclined  about  20°  from  the  vertical ;  thanks  to 
this  obliquity,  the  positive  crater,  situated  on  the  upper  carbon, 
presents  a  surface  also  inclined  from  40°  to  60°  from  the  vertical, 
and  which  is  easy  to  disengage  completely  from  the  lower  carbon 
by  giving  the  arc  a  length  of  4  to  5  millimeters.* 

Carbon  being  a  nearly  perfectly  black  body,  the  obliquity  of 


Fio.  5. — Details  of  the  apparatus,  seen  in  perspective  and  vertical  section. 

the  incandescent  surface  and  the  proximity  of  a  cold  Burface, 
cannot  sensibly  modify  the  law  of  emission.  It  would  not  be  so 
if  another  substance  were  employed. 

The  opaque  screen  (Fig.  5)+,  is  formed  by  a  little  flat  box  bent 
in  the  middle,  (and  constantly  cooled  from  within  by  a  stream  of 
water,$  in  the  same  manner  as  is  the  Violle  standard, 'so  as  to 
prevent  alteration  in  the  shape  of  the  metal),  can  change  its 
position  horizontally  in  front  of  the  arc,  for  the  length  of  two 
bars  forming  slides  and  fixed  on  the  base  of  the  lamp. 

*One  could  also,  but  less  conveniently,  make  use  of  a  lamp  with  vertical 
carbons,  with  an  oblique  screen,  adding  a  mirror  to  restore  the  pencil  of  rays  to 
a  horizontal  direction.  But  it  would  then  be  necessary  to  take  into  oousiaera- 
tioD  the  co-efficient  of  reflection  of  the  latter.     Prof.  K.  P.  Thompson  has  also 

Croposed  (Philommhical  Maqaztne,   July,  1893),  to  produce  an  oblique  cut  in  a 
imp  with  vertical  carbons,  by  the  aid  of  a  magnet  conveniently  placed. 
♦Made  by  M.  Werleiu,  optician,  in  Paris. 
If  the  cooling  by  use  of  cold  water  be  found  troublesome,  the  metallic  screen 


coobng  by 
iplaoed  by 


may  be  replaced  by  one  of  the  same  form,  of  refractory  porcelain. 
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It  is  pierced  at  the  height  of  the  bend  by  a  little  conical  hole, 
behind  which  can  be  rotated  a  diaphragm  furnished  with  a  certain 
number  of  openings  of  known  dimensions.  The  dimension  one 
millimeter  seemed  peculiarly  appropriate  for  the  study  of  arc 
lamps,  for  which  it  is  usually  an  advantage  to  employ  stronger 
standards  than  the  ordinary.  It  gives  then,  as  will  be  seen,  an 
intensity  of  about  160  candles,  which  at  four  metres  distance* 
produces  on  the  photographic  screen  an  illumination  of  about 
ten  candle-metres  very  favorable  to  measurements.  Besides  it 
would  be  difficult  to  make  a  much  smaller  hole,  because  it  would 


Fig.  6. 


be  too  rapidly  obstructed  by  deposits  of  carbon  powder,  and  be- 
sides would  give  rise  to  troublesome  effects  of  diffraction. 

The  hole  in  the  diaphragm  is  placed  at  the  height  of  the  centre 
of  the  crater  and  at  a  very  short  distance  from  the  latter  (two  to 
three  centimeters).  In  this  manner  we  obtain  a  luminous  pencil, 
conical  in  form  and  very  divergent,  having  for  centre  the  little 
hole,  and  for  its  base  the  crater;  its  intensity  in  the  horizontal 
direction  is  equal  to  the  intrinsic  brilliancy  of  the  corresponding 
portion  of  the  crater  multiplied  by  the  surface  area  of  the  open- 
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ing  employed.  This  opening  should  be  frequently  inspected 
and  cleaned  to  avoid  errors  which  might  arise  from  a  reduction 
of  its  useful  area  by  the  deposits  mentioned  above. 

The  luminous  source  thus  provided,  and  to  which  may  be 
given  the  name  arc-standard,  may  be  used  in  the  same  manner  as 
any  photometric  standard  whatever ;  it  is  sufficient  to  place  the 
lamp  at  one  extremity  of  the  bed-plate  of  the  photometer,  so 
that  the  opening  in  the  diaphragm  shall  be  at  the  same  height 
as  the  centre  of  the  screen  of  the  photometer,  which  latter  may 
be  of  any  type  whatsoever :    Bunsen,  Fpucault,  Mascart,  etc.* 

Care  must  be  taken  besides  to  completely  enclose  the  lamp  in 
a  closed  frame  of  blackened  wood  or  sheet  metal,  with  the  double 
end  of  preventing*  draughts  of  air  and  excluding  superfluous 
light. 

The  sole  condition  to  be  realized,  but  it  is  indispensable,  is  that 
the  horizontal  rays  falling  on  the  photometer  shall  proceed  from 
the  portion  of  maximum  brilliancy  of  the  crater,  which  alone 
gives  a  constant  illumination. 

To  this  end  two  sorts  of  precautions  are  taken : 

First  We  must  secure  a  crater  large  enough,  and  very  re- 
gularly, and  if  possible  uniformly,  illuminated.  This  result  is 
attained  by  using  a  sufficient  feeding  voltage  to  assure  a  very 
high  degree  of  stability,  that  is  to  say,  at  least  70  to  75  volts  at 
the  extreme  terminals  comprising  the  lamp  and  its  rheostat ;  and 
beside  this  a  density  of  current  of  at  least  0.2  amperes  per  square 
millimeter.t 

The  purpose  of  this  great  density  is  to  produce  the  maximum 
erater  possible  without  hissing,  so  that  it  may  be  saturated  with 
current,  and  consequently  with  light,  while  the  arc  cannot  shift 
from  one  side  to  the  other.  The  same  result  may  be  attained  in 
another  fashion,  by  making  with  the  aid  of  a  tube  of  porcelain 
biscuit  containing  a  tube  of  carbon,  a  sort  of  small  electric 
furnace,  similar  to  that  of  M.  Violle,  placed  astride  of  the  two 
carbons,  as  shown  in  Fig.  6.     Even  in  this  case  the  density  of 

*  Prof.  S.  P.  Thompson  has  called  attention  recently  to  the  error  which  may 
arise  from  the  thickness  and  the  eccentricity  of  the  diaphragm.  I  do  not  believe 
that  this  influence  is  noticeable  in  my  instruments,  for  the  hole  is  cut  bevelled, 
and  the  width  of  the  streak  is  less  than  fa  of  a  millimeter. 

fThe  best  results  are  obtained,  for  example,  with  carbons  of  15  millimeters, 
75  volts,  40  amperes  and  5  millimeters  length  of  arc  ;  but  one  may  be  very  well 
contented  with  carbons  of  10  millimeters  with  20  to  23  amperes,  providing  that 
they  are  of  good  quality.  If  the  arc  shifts  and  the  crater  is  not  uniformly  bril- 
liant, the  conditions  of  the  current  supply  or  the  type  of  carbons  employed  should 
be  modified. 
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the  current  should  be  regulated  bo  as  to  obtain  a  very  uniformly 
white  crater  without  hissing. 

Second.  The  fact  must  be  verified  before  each  reading,  that 
the  light  received  by  the  photometer  really  comes  from  the  most 
brilliant  part  of  the  crater ;  this  operation  is  easily  performed  by 
placing  behind  the  opening  of  the  screen  a  small  lens  whose  focal 
length  has  been  chosen  so  that  the  crater  may  be  at  its  focus. 
This  lens,  instead  of  being  rigidly  fixed  to  the  diaphragm,  may 
be  more  conveniently  managed  when  placed  at  the  end  of  a  short 
lever,  which  may  be  raised  or  lowered  without  touching  the  dia- 
phragm. The  apparatus  at  the  Ecole  Polytechnique  was  thus 
constructed.  We  can  thus  obtain  a  very  much  enlarged  and 
clearly  defined  image  on  a  vertical  screen,  placed  in  front  or  in 
the  rear  of  the  photometer,  and  see  in  what  part  of  the  image 
the  latter  is  operating. 

The  image  of  the  positive  carbon  is  projected  under  the  form 
of  a  very  bright  elliptical  surface  whose  length  may  reach 
several  metres,  and  whose  upper  border  is  clearly  defined  on  a 
black  background.  When  the  lamp  operates  well,  this  border  is 
always  illuminated  to  the  maximum,  and  it  is  in  this  portion  of 
the  image  that  the  photometer  ought  to  be  found.  This  adjust- 
ment is  very  easily  made  by  placing  the  lamp  in  a  convenient 
horizontal  position,  then  raising  or  lowering  the  arc  by  means  of 
a  handle  placed  on  the  lamp  for  this  purpose.  As  soon  as  this 
adjustment  is  complete,  the  len6  is  raised ;  we  bring  over  the 
hole  in  the  screen  the  opening  with  thin  walls  and  of  known 
surface,  and  the  reading  is  made  at  the  photometer. 

The  mean  illumination  produced  on  the  latter  is  constant,  but 
it  presents  sometimes  around  that  mean  small  rapid  vibrations 
due,  it  may  be,  to  variations  in  the  phenomenon  of  vaporization, 
or  may  be  to  the  effect  of  the  flame  passing  in  front  of  the  crater. 
The  latter  may  be  easily  removed  by  a  magnet ;  or,  better,  sup- 
pressed by  maintaining  the  arc  in  shelter  from  the  air,  in  the 
little  furnace  described  above. 

Experiments, — I  have  undertaken  a  series  of  experiments  with 
the  aim  of  comparing  the  brilliancy  of  different  carbons,  either 
directly  with  each  other,  or  with  the  intensity  of  an  ordinary 
standard. 

In  the  first  case  I  have  opposed  to  one  another  on  the  bed- 
plate of  the  photometer  two  arc  standards,  similar  to  that  de- 
scribed below,  and  of  which  one  belonged  to  the  Ecole  Poly- 
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technique,  having  been  especially  constructed  to  facilitate  this 
work.*  In  the  second  case  I  opposed  simply  an  arc  standard  to 
a  Carcel  lamp  on  the  bed-plate  of  the  photometer,  where  I  have 
measured  it  by  the  aid  of  a  Mascart  photometer  with  the  petro- 
leum  standard. 

This  very  simple  method  is  the  only  one  which  inspires  com- 
plete confidence,  because  it  admits  the  direct  study  of  the 
phenomenon,  and  besides  possesses  a  greater  sensitiveness  than* 
that  of  more  complex  instruments ;  it  has  admitted  the  demonstra- 
tion of  very  important  differences  which  were  absolutely  inappre- 
ciable by  the  pyrophotometer.  Finally,  by  opposing  the  two 
arc-standards  to  one  another,  all  those  errors  arising  from  differ- 
ence of  tint  have  been  caused  to  disappear. 

These  experiments  were  made  at  the  Central  Laboratory  with- 
the  co-operation  of  Messrs.  Guilbert  and  Perrin.  It  was  M. 
Perrin,  Chief  of  Travaux  Pratiques  in  the  Laboratory,  who 
willingly  took  charge  of  the  labor  of  making  the  readings  of  the 
Bunsen  photometer,  which  he  handled  with  remarkable  precision. 
Illness  has  prevented  me  from  extending  them  as  much  as  I 
should  have  wished. 

The  experiments  were  carried  on  with  carbons  of  three  differ- 
ent makers,  which  I  shall  designate  by  the  letters  i?,  (7,  Z,  being 
respectively  homogeneous,  soft  or  hard,  and  the  others  having 
wicks  of  varying  conductivity. 

Constancy  of  the  Brightness  of  a  Given  Carbon  under  Con- 
stant Conditions  of  Current. — While  employing  carbons  of  poor 
quality,  especially  the  very  hard  wickless  sort,  the  brilliant  por- 
tions of  the  crater  are  constantly  shifting,  and  it  is  difficult  to  use 
the  arc  as  a  standard  ;  on  the  contrary  if  we  employ  carbons  of 
suitable  quality,  selected  among  different  sorts,  with  the  densities 
of  currents  which  I  have  pointed  out,  we  secure  a  high  degree  of 
homogeneity,  and  a  great  steadiness  in  the  brightness  of  the 
crater.  The  latter,  seen  on  the  greatly  magnified  projection 
(about  100  times)  given  by  the  lens  of  the  arc-standard,  presents 
the  aspect  of  a  mass  in  ebullition,  covered  with  little  bubbles, 
forming  and  bursting  uninterruptedly ;  but  these  bubbles  are  no 
longer  perceptible  when  the  lens  is  replaced  by  the  opening  with 
thin  walls,  and  they  are,  besides,  much  too  small  in  proportion  to 
the  photometric  surface  of  a  Bunsen  screen  to  incommode  the 

*  I  desire  to  express  here  my  gratitude  to  Messrs.  Soutter  and  Harle  who  lent 
me  for  these  experiments  two  of  their  excellent  projector  lamps. 
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observer  in  any  way,  or  to  compromise  the  exactness  of  his 
measurements.  In  fact,  with  good  carbons,  the  illumination  of 
the  photometric  surface  is  remarkably  constant  and  all  compari- 
sons have  shown  that  this  method  of  diaphragmation  is  perfectly 
legitimate  in  constituting  a  standard. 

I  give  here  by  way  of  example  a  series  of  measurements  made 
without  special  precautions,  comparing  the  brightness  of  the 
crater  of  a  ten  millimeter  carbon  ou  20  amperes  of  current  with 
the  intensity  of  one  carcel. 

Total  length  of  the  photometric  bed-plate,  547.4  millimeters. 
Distance  from  the  carcel  to  the  photometric  screen : 

Reading.  Average. 

790 ^ 1 

804 [  m 

790 i    1W 

794 J 

which  gives  a  relative  error  of  l6ss  than  two  per  cent.  (If  we 
refer  to  the  figures  of  the  table  on  page  — ,  it  will  be  seen  that 
the  relative  error  in  the  case  where  we  employed  two  standards 
simultaneously,  did  not  generally  exceed  four  per  cent.,  although 
the  carbons  tried  were  often  badly  adapted  to  these  measure- 
ments). In  general,  therefore,  one  may  expect  to  realize  a  pre- 
cision within  two  to  three  per  cent.,  which  is  sufficient  for  the 
measurement  of  arcs. 

I  will  remark  here  that  the  bubbling  aspect  of  the  crater 
seems  to  bring  a  direct  proof  to  the  theory  of  the  ebullition  of 
the  carbon. 

Canstcuncy  of  the  Brightness  of  a  Given  Carbon  wider  Var- 
iable Conditions  of  Current. — M.  Violle  having  demonstrated 
that  the  brightness  of  a  given  carbou  is  independent  of  the  con- 
ditions of  current,  and  Captain  Abney  having  reached  a  similar 
conclusion,  I  have  not  considered  it  necessary  to  take  up  that 
question  again.*  But  I  will  remark  here  that  the  demonstration 
made  by  M.  Violle  applies  only  to  the  maximum  brightness  and 
to  permanent  condition  of  current.  This  may  be  easily  verified 
by  the  two  following  facts  : 

1st.  The  average  brightness  of  the  incandescent  portions,  as  a 
whole,  such  as  we  measure  for  example  in  light-houses,  increases 
with  the  quantity  of  the  current  (see  my  recent  memorandum  on 

•I  have  nevertheless  ascertained  that  the  intensity  does  not  vary  with  changes 
in  the  current,  as  long  as  the  arc  does  not  hiss. 
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Electric  Lighting  of  Lighthouses) ;  *it  increases  also  with  the 
density  of  the  current  up  to  the  point  of  thorough  saturation  of 
the  crater. 

2nd.  If  we  suddenly  vary,  by  means  of  a  rheostat  for  example, 
the  quantity  of  current  in  a  lamp,  the  intrinsic  brightness 
suffers  temporarily  a  very  sensible  variation,  which  may  reach 
ten  per  cent.,  and  which  diminishes  little  by  little  until  the  shape 
of  the  crater  is  modified  in  a  manner  so  as  to  bring  the  surface  of 
•emission  to  what  it  should  be  for  the  new  value  of  the  current. 

This  phenomenon  is  easily  explained  if  we  consider  that  the 
heating  of  the  positive  carbon  is  generated  only  at  the  surface  of 
passage,  and  that  in  consequence  the  temperature  of  volatiliza- 
tion is  only  realized  for  a  very  thin  superficial  layer,  which  may 
momentarily  attain  a  temperature  greater  than  the  normal 
value. 

We  may  thus  explain  why  it  is  that  the  points,  blunted  or  even 
carved  into  little  craters,  in  alternating  current  arcs  of  25  amperes 
and  over,  present  sensibly  the  same  brightness  as  the  crater  of  a 
continuous  current  arc ;  according  to  the  measurements  I  have 
made  with  a  pyrophotometer  during  a  notable  portion  of  each 
period,  the  arc  remained  thoroughly  extinct,  but  during  the  re- 
mainder of  the  time  the  surface  of  passage  presents  a  brightness 
much  greater  than  the  normal,  because  it  is  a  little  too  small  for 
the  current. 

Influence  of  the  Quality  of  the  Ccvrbons. — This  is  the  point  on 
which  I  should  the  least  dare  to  give  definite  conclusions  on 
account  of  the  complex  character  of  the  causes  which  may 
intervene. 

In  admitting  that  there  may  really  be  in  the  arc,  vaporization 
of  the  carbon  with  a  fixed  temperature,  it  is  further  requisite,  in 
order  that  the  quality  of  the  carbons  shall  be  without  influence 
on  the  brightness : 

First.  That  they  contain  only  a  small  quantity  of  foreign 
matter.  This  has  not  been  the  case  hitherto,  but  to-day  it  is 
practically  accomplished,  thanks  to  the  process  of  purification  em- 
ployed by  the  makers. 

The  greater  part  of  light  carbons  contain  not  more  than  four 
per  cent,  of  foreign  matters,  of  which  two  per  cent,  are  mineral 
Baits.  Here  are,  for  example  several  analyses  made  by  M.  Le 
Chatelier  in  his  Laboratory  at  the  School  of  Mines. 
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No.  1.      No.  2.      No.  3, 
Carbon 93.00       95.10        95.50 

835"  f 4*>     >■•     »•» 

Hydrogen 0.50         0.22         0.30 

Ash 2.00         3.00  2.40 

The  oxygen  and  hydrogen  are  found  nearly  entirely  in  the 
form  of  hygrometric  water. 

Moreover,  several  of  these  bodies,  as  has  been  very  justly 
remarked  by  M.  Violle,  are  eliminated  before  the  ebullition  of 
the  carbon. 

Second.  That  the  molecular  condition  of  the  body  emitting  the 
light  shall  always  be  the  same.  But  at  the  temperature  of  ebulli- 
tion the  carbon  no  longer  exists  except  in  the  state  of  graphite. 
The  thin  incandescent  layer  has  therefore,  perforce,  always  the 
same  molecular  condition,  contrary  to  what  takes  place  in  the 
case  of  incandescent  lamps  which  are  at  a  much  lower  tempera- 
ture. One  may  be  easily  assured  of  this  by  scratching  the  surface 
of  the  crater  after  it  has  cooled,  proving  that  it  is  transformed 
into  graphite  for  a  small  thickness.  On  this  account,  therefore, 
there  seems  to  be  no  cause  for  variation. 

However,  experiments  have  established  appreciable  differences 
between  different  qualities  of  carbons  of  different  makers,  and 
some  between  those  of  the  same  make.  There  seems  in  that 
respect  to  be  a  small  superiority  in  hard  over  soft  carbons ;  here 
is  an  example : 

Total  distance  between  the  two  diaphragms  . .       804  millimeters. 

Surfaces  '  rignt"nand  diaphragm 0.9038  "        square. 

Ueft-hand  "         0.8135 

The  carbon  used  for  the  right-hand  arc,  Z,  was  a  medium 
voltage  wick  carbon. 


Carbon  Used  in  the 
Left-hand  Arc. 

Distance  from  the  Photometer 

To  the  Right-hand  Arc. 

To  the  Left-hand  Arc. 

Lhard 

Reading. 

396.4 

393-7 
394-a 
393-3 

392.2  J 

385.3  I 

382 

39°-7 

185.2 

387.8 

384         J 

Average. 

393-3 

385-8 

Average. 
4to.oo 

418.2 

BLONDEL  ON  CONTINUOUS  CURRENT  ABC. 


881 


Other  measurements  of  the  same  sort  gave  analogous  results, 
which  seem  to  indicate  a  small  influence  arising  from  the  density 
or  the  friability  of  the  material.  However,  these  differences  are 
trifling,  compared  with  those  offered  by  the  physical  properties 
of  the  carbons  under  consideration.  These  latter  may  indeed, 
according  to  M.  Le  Chatelier's  experiments,  be  classified  in  two 
very  different  categories : 

Actual  Density.       Calorific  Power. 

A 1.60.  7.94  calories. 

B 2.  7.76 

It  seems  then,  that  there  well  may  be,  in  all  cases,  vaporization 
of  the  carbon  at  the  same  temperature ;  the  deviations  declared 
hitherto  being  attributed  either  to  experimental  errors  or  to 
foreign  substances,  notwithstanding  their  small  quantity.  The 
following  remarks  will  confirm  this  hypothesis : 

Influence  of  the  Wick. — The  effect  of  the  wick  discloses  it- 
self, as  is  well  known,  by  a  lowering  of  the  voltage,  which  is  as 
much  more  important  as  the  wick  in  mineral  matters,  silica, 
silicate,  etc.  During  vaporization  in  the  arc,  these  matters  offer 
a  more  easy  passage  for  the  current,  and  their  effect  is  felt  on 
the  crater  in  two  ways ;  at  first  by  a  diminution  in  the  extent  of 
the  surfaces  raised  to  the  maximum  incandescence  (which  reduces 
the  average  brightness) ;  and,  further,  by  a  reduction  of  this 
maximum  brightness.     This  latter  effect  is  very  sensible  in  ex- 


Distance  from  the  Photometer  Screen. 

Carbons  Used  in  the 

Left-hand  Arc. 

To  the  Right-hand 

To  the  Left-hand 

Arc  Standard. 

Arc  Standard. 

Readings.        Average. 

Average. 

L  homogeneous  hard  . . . 

976.6 

978.x 
983.9 

279.6 

267.8 

276.4    J 

Cwick 

263.6    ") 

262.6 

267.0 

264.2 

283.2 

266.2 

261.4    J 

£j  wick,  high  voltage... 

275-4      \ 

2749      >         276.1 

271. 1 

278.0      I 

L  wick,  low  voltage — 

265.0 
262.5 
258.6 

260.4 

263.6 

283.8 

267.4 

267.2 

263.9     J 
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periments,  as  is  shown  in  the  following  table  of  the  results  of  a 
series. 

Total  distance  of  the  two  diaphragms 547.4  millimeters. 

Surfaces  of  the  openings  in  the  diaphragms,  left,    0.8185      "         square. 

right     0.9088      " 


44  44  44  44  (4 


Carbon  used  for  the  right-hand  arc,  Z,  with  wick,  medium 
voltage,  very  constant. 

It  will  be  seen  that  one  ought  to  use  wick  carbons  only  with 
precaution.  There  are  among  them,  however,  some  which  give 
thefbest  results  for  the  arc-standard  from  the  point  of  view  of 
fixity.  They  should  be  selected  by  comparison  with  others  of 
the  same  quality  ;  the  best  are  the  soft  carbons,  or  middling  hard 
ones  with  a  high  voltage  wick.  The  difference  of  brightness 
between  a  carbon  and  its  wick  ought  not  to  be  sensible  to  the 
naked  eye  on  the  photometer.  It  is  of  course  implied  that  such 
a  standard  must  be  calibrated  by  comparison,  and  that  one  cannot 
a  priori  indicate  is  brightness. 

Absolute  Value  of  the  Brightness. — I  have  determined  this 
value  by  the  results  of  more  than  fifty  comparative  measurements 
made  by  the  aid  of  a  standard-carcel  and  exclusively  with  homo- 
geneous carbons  of  five  different  qualities.  The  average  result 
obtained  gave  158  candles,  the  extremes  being  150  and  163. 

The  figures  subsequently  obtained  with  wick  carbons  fell  to 
130  (maximum  brightness)  and  one  could  succeed  in  realizing 
even  much  lower  values. 

Case  of  the  Hissing  Arc. — I  have  demonstrated  in  a  preceding 
memorandum*  that  the  phenomenon  of  the  hissing  arc  is  distin- 
guished from  the  ordinary  arc,  by  a  too  intense  and  discontinuous 
vaporization,  and  that  it  is  characterized  by  a  change  in  the  color 
of  the  arc.  The  latter,  from  violet  becomes  greenish,  which 
indicates  a  lower  degree  of  incandescence.f  In  combining  these 
two  remarks  with  the  fact  often  stated,  of  a  sudden  lowering  of 
the  voltage  at  the  moment  when  the  arc  begins  to  hiss,£  I  believe 
that  it  is  possible  to  offer  the  true  explanation  of  the  phenome- 
non, and  definitively  put  in  accord  the  partisans  of  different 
theories  of  the  arc.     As  long  as  the  latter  is  hissing  there  is  a 

*Lumiere  Electrique%  January  lt3,  1892. 

fThis  greenish  tint  has  given  rise,  I  think,  to  a  false  explanation  of  the  hiss- 
ing, by  the  presence  of  mineral  salts. 

JFor  example,  an  arc  of  20  amperes,  50  volts,  beginning  to  hiss,  changes 
abruptly  to  an  arc  of  28  amperes,  42  volts. 
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molecular  detachment  and  tearing  away,  and  the  arc  is  a  disrup- 
tive phenomenon  conforming  to  Wiedemann's  theory.  When  it 
becomes  steady  and  silent,  then  vaporization  takes  the  place  of 
the  molecular  detachment. 

Photometric  observations  give  a  confirmation  of  this  view.  In 
fact  as  soon  as  hissing  begins,  the  arc  loses  its  transparency  and 
the  brightness  of  the  crater  diminishes  in  a  very  marked  manner; 
the  difference  reaches  and  exceeds  ten  per  cent.  Then  when  the 
hissing  ceases,  the  arc  resumes  its  transparency,  one  perceives  the 
crater  to  be  dotted  with  black  spots  indicating  that  the  tempera- 
ture had  notably  decreased.  This  disruptive  phenomenon 
appears  as  soon  as  the  density  of  the  current  exceeds  a  certain 
maximum,  very  near  to  that  which  I  have  indicated  above  as  the 
proper  condition  of  current  to  give  to  the  arc  standard.  The 
disruptive  tension  necessary  during  the  hissing  is  feebler  in  pro- 
portion as  the  carbons  used  are  more  friable. 

This  explanation  of  the  hissing  arc  also  assists  in  the  interpre- 
tation of  certain  complex  phenomena  of  the  alternating  current 
arc. 

Conclusions. — In  consequence  of  the  variations  still  presented 
by  the  different  carbons,  and  which  will,  perhaps,  be  eliminated 
later  on  by  the  use  of  chemically  pure  carbons,  the  arc  cannot  be 
actually  employed  as  an  independent  standard ;  besides  it  would 
not  be  desirable  on  any  account,  for  the  Violle  standard,  chosen 
definitively,  suffices  for  that  task. 

Its  more  modest  function  should  be  solely  that  of  a  secondary 
standard  destined  to  furnish  a  rational  and  practical  term  of  com- 
parison for  arc  lamps.  From  this  point  of  view  no  grave  objec- 
tion can  be  raised  against  its  employment,  for  the  mean  error  of 
readings  with  a  given  carbon  of  good  quality  does  not  exceed 
two  per  cent.  Should  it  even  be  greater,  it  must  still  be  con- 
sidered as  scarcely  equivalent  to  those  introduced  daily  without 
distrust  by  the  employment  of  existing  methods. 

I  hope  that  the  Congress  at  Chicago  will  be  so  kind  as  to  ex- 
amine and  take  into  consideration  the  two  following  propositions  : 

1st.  There  is  necessity,  (to  the  end  of  facilitating  photometry 
of  arc  lamps,  in  giving  the  measurements  a  more  easily  compared 
basis  than  that  of  ordinary  flames),  for  inducing  electrical  labora- 
tories to  employ,  solely  for  this  special  purpose,  a  particular 
secondary  standard  called  the  arc  standard,  defined  as  the  lumin- 
ous intensity  of  a  given  surface  of  carbon  at  the  temperature  of 
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volatilization,  and  realized  in  the  manner  described  above.  In 
default  of  pure  carbon  the  laboratory  should  employ  a  type  of 
carbons  always  the  same,  at  a  high  voltage  and  a  quite  steady 
illumination. 

The  mean  value  of  this  secondary  standard  will  be  established 
once  for  all,  as  a  function  of  the  Violle  standard,  under  well 
defined  conditions,  that  is  to  say,  for  a  series  of  known  independ- 
ent values  of  illumination. 

As  to  the  measurements,  they  will  always  be  expressed  in 
decimal  candles,  adding  the  mention :  According  to  an  arc  stan- 
dard. 

« 

2nd.  When  we  make  measurements  with  an  ordinary  flame 
standard,  we  should  operate  preferably  without  colored  screens, 
and  indicate  exactly  the  method  under  which  the  equalization  has 
been  accomplished,  that  is  to  say,  the  photometer  and  the  standard 
employed  as  well  as  the  absolute  illumination  at  the  moment  of 
measurement. 


ON  THE  SOURCE  AND  EFFECTS  OF  HARMONICS 

IN  ALTERNATING  CIRCUITS. 


BY   H.   A.   ROWLAND, 
Professor,  Johns  Hopkins  University,  Baltimore,  Md. 


In  all  alternating  current  machinery,  the  current  has  been  found 
in  practice  to  depart  from  the  sinusoidal  form,  and  it  is  most 
important  to  determine  the  extent  of  this  departure,  its  cause, 
and  its  effects  on  the  transmission  of  power.  It  may  be  stated  as 
a  general  rule,  that  the  harmonics  as  well  as  the  fundamental,  are 
due  to  the  electromotive  force  arising,  either  from  the  form  of 
the  poles  of  the  dynamo,  from  change  in  the  magnetic  permea- 
bility either  in  the  dynamo  or  transformers,  or  from  other  causes 
which  we  will  discuss  hereafter.  The  current  caused,  however, 
by  the  electromotive  forces,  will  be  found  by  dividing  the  electro- 
motive forces  by  the  impedances  of  the  circuit,  and  thus  in  gen- 
eral, the  effect  on  the  impedances  will  be  to  blot  out  the  higher 
harmonics,  as  the  impedance  is  greater  for  the  higher  periods. 
In  circuits  used  for  electric  lighting  there  will  be,  in  general, 
very  little  trouble  from  these  harmonics.  When,  however,  we 
are  driving  a  motor  by  a  dynamo,  there  are  two  electromotive 
forces  in  the  circuit  working  against  each  other,  and  if  one  of 
these  electromotive  forces  contains  the  harmonics,  and  the  other 
contains  none,  it  is  easily  to  be  seen  that  the  unbalanced  part  will 
contain  a  large  proportion  of  the  harmonics.  This  is  likewise 
true  of  transformers  used  at  high  degrees  of  magnetization. 
Dynamos  and  motors  will  generally  introduce  harmonics  in  the 
armature  circuit,  unless  the  coefficient  of  mutual  induction  be- 
tween the  armature  coils  and  field  magnet  coils  is  an  exact  sinu- 
soidal function  of  the  angular  position  of  the  armature.  Likewise 
in  the  Tesla  motor,  the  same  principle  of  construction  should 
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hold.  This  is  accomplished  by  making  the  pole  faces  of  a  proper 
shape,  and  winding  the  armature  in  a  suitable  manner,  so  that 
the  co-efficient  of  mutual  induction  shall  be  a  sine  function.  In 
the  case  of  transformers,  however,  it  is  best  to  limit  the  degree 
of  magnetization,  although  the  use  of  a  low  electrical  frequency 
may  allow  a  high  degree  of  magnetization  to  be  used  without 
overheating.  In  the  case  of  single-phase  alternating  current 
dynamos  neglecting  the  charge  of  the  magnetic  properties  of  the 
iron,  the  harmonics  introduced  by  symmetrical  pole  pieces  will 
be  the  third,  fifth,  seventh,  etc.,  in  the  armature  circuit  The 
same  is  true  of  the  motor.  A  transformer  in  which,  however, 
the  iron  is  permanently  magnetized  in  one  direction,  or  a  dynamo 
or  motor  with  un-syinmetrical  pole  pieces,  might  introduce  even 
harmonics.  This  may  also  be  caused  by  having  a  non-uniform 
magnetic  density  over  the  pole  pieces.  As  remarked  before,  the 
harmonics  in  the  current  have  their  rise  in  the  harmonics  of  the 
electromotive  forces  acting  on  the  circuit,  and  the  resultant  cur- 
rents generated  by  the  electromotive  forces,  will  be  equal  to  those 
electromotive  forces  divided  by  the  impedances.  Now  in  a  non- 
inductive  load  these  impedances  will  be  the  same  for  all  the 
harmonics,  but  in  an  inductive  load  the  impedance  will  be  greater 
for  the  higher  harmonics.  Consequently  the  effect  of  an  induc- 
tive load  is  to  blot  out  the  harmonics. 

Thus  we  often  find  for  a  badly  constructed  machine  that  the 
current  curves  are  very  nearly  correct ;  that  is,  without  harmonics. 
For  this  reason,  eelf-induction  in  the  circuit  is  often  very  useful. 
It  is  generally  supposed  that  in  the  Tesla  motor,  the  armature 
circuit  should  contain  very  little  self-induction,  but  we  have  seen 
that  self-induction  plays  a  great  part  in  eliminating  the  higher 
harmonics,  and  prevents  considerable  heating  of  the  armature, 
The  importance  of  the  harmonics  in  practical  work  is  very  great, 
as  they  simply  heat  the  wire,  and  waste  energy  without  doing 
any  useful  work  in  the  case  of  transmission  of  power  by  elec- 
tricity. In  lighting  circuits,  they  are  of  less  importance,  as  the 
object  of  installation  is  to  produce  heat  only. 
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The  Chairman  : — Has  the  Secretary  any  further  business? 

The  Secbetaey  : — No  sir,  none  at  all. 

The  Chairman  : — Has  any  member  of  the  Section  any  further 
business  to  present  ? 

Mr.  Preece  : — It  is  the  custom  in  England  where  the  work  of 
a  section  of  this  kind  is  completed,  to  propose  a  vote  of  thanks 
to  the  chairman  of  that  section,  for  the  care  and  attention  that 
he  has  devoted  to  the  furtherance  of  the  business  of  the  section. 
And  I  am  quite  sure  you  will  all  coincide  with  me,  when  I  say  it 
would  not  be  amiss  to  thank  the  Chairman  for  the  constant  atten- 
tion and  watchfulness  with  which  he  has  conducted  the  business 
of  this  section.  I,  therefore,  move  that  we  extend  a  vote  of 
thanks  to  the  Chairman  of  this  Section. 

Thereupon  the  motion  was  put  and  unanimously  carried. 

The  Chairman  : — I  thank  you  for  the  appreciation  which  is 
shown  by  the  applause  and  expressed  in  the  remarks  of  Mr. 
Preece.  The  duties  of  the  chairman  have  certainly  been  very 
simple,  except  when  he  has  been  obliged  to  contend  with  the 
locomotives  on  the  outside.  During  such  time  he  has  been  sig- 
nallv  unsuccessful.  I  think,  however,  that  I  may  apply  your 
applause  and  Mr.  Preeqe's  remarks  to  the  Secretary  as  well  as  to 
myself,  for  I  know  as  no  one  else  probably  can  know  so  well,  how 
Lieut.  Reber  has  devoted  himself  to  the  work  in  hand,  and  how 
little  myself  or  other  members  of  the  committee  could  have 
done  without  his  constant  and  devoted  assistance. 

I  now  declare  this  section  dissolved. 


SECTION  C. 


First  Meeting,  Tuesday,  August  22,  1893. 


The  meeting  was  called  to  order  at  10  a.  m.  by  Prof.  Edwin 
J.  Houston,  of  Philadelphia,  who  stated  that  the  first  business  in 
order  was  the  election  of  permanent  officers  of  the  Section.  The 
following  committee  was  appointed  to  nominate  permanent 
officers :  W.  J.  Johnston,  of  New  York,  Chairman ;  Kalph  W. 
Pope,  Horatio  A.  Foster,  Edward  Caldwell  and  Townsend 
Wolcott. 

This  committed  reported  the  following  nominations  :  for  per- 
manent chairman  of  the  section,  Prof.  E.  J.  Houston,  of  Phila- 
delphia ;  for  vice-chairman,  George  P.  Low,  of  San  Francisco ; 
for  secretary,  Prof.  E.  P.  Roberts  of  Cleveland,  Ohio ;  for 
executive  committee,  George  W.  Blodgett,  of  Boston ;  Dr.  F.  A. 
C.  Perrine,  of  Palo  Alto,  Cal.,  and  Townsend  Wolcott,  of  New 
York. 

These  gentlemen  were  unanimously  elected  to  fill  the  offices 
named. 

In  assuming  the  position  of  permanent  chairman  of  the  section, 
Prof.  Houston  saia ; 

Prof.  Houston  : — Gentlemen,  I  assure  you  I  appreciate  the 
very  high  honor  that  you  have  conferred  on  me  in  electing 
me  permanent  chairman  of  Section  C,  the  Section  of  Pure 
Practice.  As  you  are  aware,  the  Electrical  Congress  has  been 
divided  into  a  Chamber  of  Delegates,  and  a  General  Congress 
consisting  of  three  sections ;  viz.,  Section  A,  Pure  Theory  ;  Sec- 
tion B,  Theory  and  Practice ;  and  Section  C,  Pure  Practice. 

I  am  somewhat  unfortunate  in  not  quite  understanding  the 
reasons  for  this  division  into  Pure  Theory,  Theory  and  Practice, 
and  Pure  Practice.  It  probably  has  arisen  from  the  fact  that  a 
great  number  of  papers  have  been  presented,  and  that  it  is,  there- 
fore, necessary  to  arrange  them  under  separate  classes.  I  think 
it  rather  unfortunate,  however,  that  there  should  have  hcen  an 
attempt  made  to  draw  this  sharp  divisional  line  between  Pnre 
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Theory,  Theory  and  Practice,  and  Pure  Practice,  for  to  my  mind, 
Buch  division  is  unwarranted. 

Though  1  recognize  the  fact  that  a  different  domain  is  occupied 
by  the  student  of  pure  science  and  the  student  who  applies  pure 
science  to  practical  purposes  yet  it  seems  to  me  that  so  many  of 
the  advantages  to  be  derived  from  a  General  Congress  arise  from 
different  types  of  minds  and  different  types  of  students  coming 
together  that  so  much  comes  from  the  attrition  of  mind  against 
mind,  and  the  interchange  of  ideas,  that  it  seems  to  me,  judging 
the  question,  perhaps,  hastily,  that  it  might  have  been  better  to 
have  arranged  the  numerous  papers  proposed  for  discussion  in 
the  Congress  under  topics  rather  than  under  sections.  The  ar- 
rangement has  been  made,  however,  and  we  accept  the  division 
as  it  stands. 

To  my  mind  there  is  very  little  difference  between  successful 
experiment  and  correct  theory ;  for  physical  theory  must  almost 
invariably  be  the  offspring  of  the  laboratory  experiment.  Hypcv 
thesis  may  be  purely  theoretical,  but  as  soon  as  it  reaches  the 
dignity  of  theory,  we  have  something  that  we  should  not  fear  to 
put  into  cold  material  and  thus  test  its  correctness. 

There  is  such  a  thing  as  good  practice  and  bad  practice.  There 
can  be  no  doubt  as  to  what  section  good  practice  snould  be  placed. 
In  Section  C,  let  us  hope  that  the  practice  will  be  entirely  and 
thoroughly  good  and  therefore  pure,  being  as  it  is,  based  on  good 
theory.  The  more  closely  Pure  Theory  and  Pure  Practice  are 
wedded,  the  better  for  each,  especially  for  Pure  Theory. 

If  the  distinction  between  Sections  A,  B  and  C  is  made  because 
of  any  essential  differences  which  necessarily  separate  them,  I 
wish  to  record  my  objection  to  such  separation,  if,  however,  it 
be  made  simply  as  a  matter  of  advisability,  that  is,  of  the  ad- 
vantage of  grouping  allied  topics,  then  I  think  it  may  be  a  good 
one  and  I  trust  that  it  is. 

Far  be  it  from  me  to  disparage  the  value  of  the  fruits  of  Pure 
Theory.  I  recognize  thoroughly  the  priceless  advantages  which 
the  so-called  practical  man  has  derived  from  the  speculations  and 
studies  of  the  so-called  theoretical  man.  The  only  point  I  wish  to 
add  before  I  take  my  seat  and  formally  open  the  session  of  this 
bianch  of  the  Congress,  is  that  I  regret  to  6ee  a  tendency  still 
existing  in  the  minds  of  some  few  to  believe  that  there  is  a  nec- 
essary distinction  between  theoretical  science  and  practical  science. 
Such  distinction  cannot  exist  if  science  be  truly  science.  Theory 
and  practice  in  my  mind  are  wedded,  let  them  therefore  not  be 
divorced. 

Again  thanking  you  for  the  very  high  honor  you  have  con- 
ferred upon  me  in  electing  me  as  your  permanent  chairman,  I 
will  in  a  few  moments  call  the  Congress  to  its  regular  work. 

I  think,  however,  before  we  begin  our  regular  work,  since  we 
have  many  distinguished  gentlemen  with  us,  we  would  like  to 
hear  a  few  words  from  them.     I  therefore  call  on  our  honored 


840  PROCEEDINGS  OF  SECTION  C. 

Vice-Chairman,  Mr.  George  P.  Low,  of  San  Francisco,  to  address 
the  section. 

Mb.  Geo.  P.  Low  : — Mr.  Chairman  and  gentlemen  of  Section 
C :  There  are  times  when  the  heart  is  so  full  that  utterance  is 
difficult.  I  am  sure  that  this  is  the  condition  in  which  I  find 
myself  at  the  present  moment.  I  have  come  from  our  extreme 
Western  border,  first  as  an  education,  and  second,  to  make  the 
acquaintance  of  those  of  whom  I  have  read,  whose  works  I  have 
studied,  whom  I  have  long  held  in  the  highest  estimation  and 
whose  labors  in  the  promotion  of  our  chosen  industrv,  of  the 
science  to  which  we  are  so  devoted,  will  always  be  looted  upon 
with  profound  reverence.  To  be  honored  as  you  have  done  thi6 
morning  in  naming  me  as  your  Vice-Chairman,  I  am  sure  is 
something  that  is  most  thoroughly  appreciated. 

I  hardly  know  that  much  can  be  added  to  that  which  our 
worthy  Chairman  has  said.  We  have,  unfortunately,  I  think, 
^drawn  a  line  between  theory-  and  practice  that  is  perhaps  almost 
unwarranted.  We  may  have  for  our  delectation,  for  instance,  a 
sumptuous  dinner.  We  will  have  dishes  served  to  us  that  are 
the  perfection  of  the  Epicurean  art.  They  will  please  every 
palate,  but  they  must  be  seasoned.  They  will  have  a  seasoning  of 
this  form  or  a  seasoning  of  that  form.  Can  we  not  compare  such 
a  repast  to  the  treat  that  will  certainly  be  extended  to  us  in  this 
Congress  ?  Should  not  this  treat  be  seasoned  with  both  theory 
and  with  practice  ?  Can  we  accept  a  seasoning  only  of  theory  or 
only  of  practice  ?  It  appears  to  me  not.  I  am  sure  that  of  the 
two  each  is  equal,  and  in  each  we  bring  about  a  better  and  per- 
fect end. 

Gentlemen,  again  I  thank  you  most  heartily. 

The  Chairman  then  called  on  Mr.  Joseph  Wetzler  of  New 
York  to  address  the  Section. 

Mr.  Wetzler  : — Mr.  Chairman  :  In  looking  over  the  organiza- 
tion of  the  Congress,  it  strikes  me  that  in  the  section  we  have 
here  the  position  taken  by  the  organizers,  if  I  may  be  allowed  to 
say  so,  is  somewhat  anomalous.  After  all,  the  division  of  a  body 
of  thinkers  and  workers  into  those  devoted  to  pure  science  and 
those  of  pure  practice,  I  think,  is  very  arbitrary.  We  are  all 
working,  and  whether  our  work  is  in  one  direction  or  another, 
appears  to  me  of  very  little  consequence.  Although  we  say  that 
the  man  of  science  works  purely  for  science's  sake,  it  is  scarcely 
ever  that  this  work  does  not,  sooner  or  later,  develop  into  pure 
practice.  Without  pure  practice  I  think  pure  science  would  not 
thrive  very  long,  and  on  the  other  hand,  without  pure  science, 
pure  practice  could  not  exist. 

The  Chairman  then  called  on  Prof.  D.  C.  Jackson,  of  the 
University  of  Wisconsin,  to  speak. 

Prof.  "Jackson  : — I  wish  to  congratulate  the  section  in  its 
organization,  and  I  am  very  glad  that  a  Section  of  Pure  Practice 
has  been  given  a  place  in  this  Congress.    I  really  think  that  the 
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intermediate  section,  the  Section  on  Theory  and  Practice,  has 
received  more  than  its  fair  share  of  attention  in  this  Congress  and 
that  we  ought  to  transfer  some  of  our  friends  from  the  interme- 
diate section  to  the  third  section  ^applause),  while  there  is  no 
doubt  that  there  is  a  wide  field  between  Pure  Theory  and  Pu*e 
Practice  that  many  men  are  working  in,  and  working  in  very 
advantageously,  yet  in  this  country  the  electrical  engineering  has 
been  developed  so  thoroughly  from  the  practical  end,  that  I  was 
in  hopes  that  this  third  meeting  would  receive  much  more  atten- 
tion than  it  apparently  is  receiving  in  the  programme,  and  I 
hope  that  something  can  be  done  to  make  it  worthy  of  the  coun- 
try. 

The  Chairman  then  called  on  Dr.  F.  A.  C.  Perrine,  of  Leland 
Stanford  Jr.  University,  to  speak. 

Db.  Pebbine  : — I  feel  very  much  as  the  last  speaker  did,  that 
the  middle  section  has  taken  a  great  many  of  the  papers  which 
really  belong  to  Pure  Practice ;   the  majority,  in  tact,  of  the 

?ipers  that  are  down  here  in  Theory  and  Practice,  belong  to 
ure  Practice.  I  noticed  that  the  last  speaker  was  also  a  pro- 
fessor of  electrical  engineering,  and  we  are  men  who  are  trained 
in  pure  theory ;  then,  perhaps,  take  up  pure  practice,  and  now, 
in  teaching  electrical  engineering,  we  believe  that  we  belong  to 
Pure  Practice  rather  than  to  a  combination  of  Theory  and  Prac- 
tice or  Pure  Theory,  because  that  combination  of  Theory  and 
Practice  is  supposed  to  be  practice  which  has  no  absolute  applica- 
tion. I  believe  that  we  will  have  here  theory  as  it  is  applied  in 
every  day  work,  and  therefore  I  believe  that  we  will  be  able  to 
secure  at  least  discussion  here  which  will  carry  us  along  the  line 
of  Pure  Practice  by  taking  from  the  pure  theory  and  applying 
it,  and  I  hope  that  we  will  hold  ourselves  together  here  and  not 
only  call  this  a  section  of  mechanics,  but  also  the  ultimate  section 
of  the  Congress. 

The  Chairman  then  called  for  the  first  paper  on  the  programme 
which  was  read  as  follows : 
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Of  the  different  types  of  mercurial  air  pumps  which  have  been 
devised  so  far,  two  have  been  introduced  into  practice  on  a  large 
scale,  viz. :  the  Geissler  and  the  Sprengel  pump.  Both  are  re- 
presented in  numerous  modifications  and  have  undergone  mani- 
fold improvements  in  the  course  of  time.  They  produce  vacua 
of  the  highest  grade,  but  compared  with  the  mechanical  piston 
pumps,  both  of  them  are  under  the  disadvantage  of  working  only 
very  slowly,  so  that  they  do  not  appear  lit  for  evacuating  receiv- 
ers of  large  volume. 

On  the  other  hand,  even  the  most  perfect  of  the  mechanical 
air  pumps  are  far  behind  the  mercury  pumps  so  far  as  the  degree 
of  the  vacuum  produced  i6  concerned. 

To  combine  the  advantages  of  both  systems,  my  brother, 
Hermann,  and  I  have  together  constructed  the  rotary  air  pump 
described  below,  which  allows  the  creation  of  extensive  vacua  of 
excellent  quality  in  a  very  short  space  of  time. 

I.   Principle  of  the  Rotary  Air  Pump. 

We  have  carried  out  the  apparatus  in  a  number  of  different 
forms,  all  of  which  are  based  on  the  same  principle. 

The  pump  vessel  is  formed  by  a  curved  tube  returning  into 

itself,  which  revolves  in  constant  direction  around  a  stationary 

axis  of  rotation.     A  mercury  piston  passing  through  the  interior 

of  the  tube  creates  on  the  one  hand  the  vacuum,  and  expels  on 

the  other  hand  the  evacuated  air,  while  the  connections  required 

of  the  pump  vessel  with  the  receiver  and  the  atmosphere  are 

effected  by  stopcocks  or  suitable  valves. 
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Of  the  numerous  modifications  which  may  be  given  to  the 
apparatus  on  this  principle,  some  will  be  shortly  explained  in 
this  report,  whereupon  a  more  detailed  description  will  be  given 
of  the  one  which  has  proved  to  be  the  most  serviceable  for 
practical  use. 

II.   Ring-Shaped  Stopcock  Pump. 

The  play  of  the  machine  is  particularly  conspicuous  in  the 
stopcock  pump,  Figs.  1  and  2.  The  hollow  ring  p  has  a  diameter 
of  one  meter,  or  somewhat  more,  and  an  inner  width  of  some 


Fig.  l. 


centimeters.  It  is  revoluble  around  the  horizontal  axle  a,  which 
is  hollow  and  closed  at  one  end,  while  the  other  end  is  airtightly 
introduced  through  the  stuffing  box  s  into  the  stationary  tube  r. 
To  the  latter  tube  is  connected  the  receiver  to  be  evacuated. 

Within  the  ring  there  is  a  quantity  of  mercury,  q,  sufficient  to 
equilibriate  the  pressure  of  the  atmosphere  if  this  pressure  acts 
only  upon  one  of  the  shanks  of  the  mercury. 

A  three-way  stopcock  h,  similar  to  the  well-known  Grassmann 
stopcock,  is  inserted  into  the  circumference  of  the  ring.  The 
seat  of  the  stopcock  is  connected  to  the  hollow  axle  a  by  tube  r. 
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The  stopcock  occupies  three  different  positions  during  the 
rotation  of  the  ring.  In  the  first  one  it  allows  free  passage  to 
the  mercury,  as  in  Fig.  1.  In  a  second  one  it  prevents  any  com- 
munication between  the  parts  of  the  ring  p  and  tube  r  or  the 
atmosphere.  On  the  third  position  it  connects  the  end  v^  of  the 
ring  with  the  atmosphere  and  the  end  ^  with  the  tube  r  and  the 
hollow  axle  a. 

Let  the  ring  be  rotated  in  the  direction  of  the  arrow  (Fig.  1) 
until  all  mercury  has  passed  the  cock,  and  let  then  the  stopcock 
be  given  its  second  position  separating  the  ring  from  tube  r  and 
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Fig.  2. 


the  atmosphere.  If  after  this  the  rotation  of  the  ring  is  con- 
tinued, the  mercury  column  will  follow  the  upward  motion  of 
the  stopcock  until  the  difference  of  its  levels  corresponds  to  the 
atmospheric  pressure.  If  then  the  stopcock  is  moved  into  its 
third  position,  air  will  rush  into  the  ring  from  the  receiver 
through  the  axle.  The  same  occurs  when  the  rotation  of  the 
ring  proceeds,  while  at  the  same  time  the  air  above  level  nx  is 
expelled  to  the  atmosphere.  When  the  stopcock  reaches  the 
mercury  level  n1?  it  is  brought  into  its  original  position  again, 
and  the  play  of  the  pump  is  repeated  similarly  as  described. 
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III.  Stopcock  Pump  with  Spiral  Pump  Vessel. 

In  the  apparatus  juBt  explained  the  mercury  only  partly  fills 
the  volume  of  the  pump  vessel  p  iu  which  the  vacuum  is  created, 
and  only  a  moderate  quantity  of  mercury  is  required. 

A  vacuum  of  very  much  larger  volume  may  however  be  pro- 
duced with  the  Bame  quantity  of  mercury. 

Suppose  the  pump  vessel  not  to  be  formed  of  a  single  ring,  as 
described  above,  but  to" have  the  shape  of  a  double  spiral,  as  in 
Fig.  3,  the  two  ends  of  the  spiral  tube  being  joined  by  the  stop- 


cock h.  If  then  the  spiral  is  supplied  with  the  same  quantity  of 
mercury  as  the  ring  in  Fig.  1,  the  whole  volume  of  the  spiral 
may  be  evacuated  by  a  continued  rotation.  While  the  play  of 
the  machine  is  in  all  essential  respects  identical  with  the  one  of 
the  apparatus  Fig.  1,  the  vacuum  produced  may  be  given  an 
extent  arbitrary  within  wide  limits  without  increasing  the  quan- 
tity of  mercury  required. 

IV.   Rino-Shaped  Valve  Pump. 
The    pump  represented  by  Fig.  4  has,   like  Fig.   1,  a  ring- 
like  pump  vessel  on  a  horizontal  axle.     The  apparatus  is  sup- 
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posed  to  co-operate  with  an  auxiliary  pump  (mechanical  pi6ton 
pump,  water-jet  air  pump,  etc.)  in  such  a  way,  that  the  air  ex- 
hausted from  the  receiver  is  not  discharged  by  the  ring  into  the 
atmosphere  directly,  but  into  a  chamber  in  which  a  partial 
vacuum  has  been  previously  created  by  the  auxiliary  pump. 

The  place  of  the  stopcock  is  here  taken  by  the  valve  v,  which 
is  inserted  into  the  circumference  of  the  ring,  and  represents  a 
spiral  tube  consisting  of  two  convolutions.  If  the  circumference 
of  the  ring  be  followed  up  in  the  direction  of  the  hands  of  a 


Fig.  4. 


watch  it  will  be  noticed  that  the  convolutions  of  the  spiral  run 
from  E2  in  the  opposite  direction  until  they  return  at  E!  into  the 
ring  p. 

The  axle  which  in  Fig.  4  is  only  shown  in  cross-section,  pro- 
jects as  well  in  the  front  as  in  the  back  of  the  plane  of  the  ring. 
It  is  hollow  and  divided  into  two  compartments  by  a  vertical 
diaphragm  in  its  middle. 

Each  end  of  the  axle  is  connected  air-tightly  through  a  stuffing 
box  with  a  stationary  tube  in  the  same  manner  as  the  open  end 
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of  the  axle  a  in  Fig.  2  is  connected  to  e.  The  one  in  front  of 
the  ring  leads  to  the  auxiliary  air  pump,  while  the  tube  on  the 
opposite  side  is  connected  to  the  receiver. 

At  Ej  the  tube  rt  branches  off  from  ring  p  and  communicates 
with  the  receiver  through  the  axial  compartment  situated  in  the 
back  of  the  plane  of  the  ring,  while  another  tube  rit  starting 
from  En  is  connected  to  the  auxiliary  pump  through  the  other 
compartment  of  the  axle. 

The  spiral  valve  and  a  part  of  the  ring  are  filled  with  mercury. 


If  the  ring  is  rotated  in  the  direction  of  the  arrow,  the  air 
above  level  s^  is  expelled  through  r,  into  the  preliminary  vacuum, 
whence  it  is  removed  by  the  auxiliary  air  pump.  At  the  same 
time  air  is  dr^wn  from  the  receiver  through  tube  rt.  This  play 
is  repeated  at  each  revolution  of  the  ring. 

The  vacuum  in  the  receiver  is  permanently  separated  from  the 
one  existing  in  the  auxiliary  air  pump  by  the  mercury  contained 
in  the  spiral  tube,  provided  that  in  the  latter  vacuum  the  pres- 
sure be  kept  so  low  that  the  difference  of  pressure  of  both  vacua 
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is  equilibrated  by  the  mercury  of  the  valye.  During  every  revo- 
lution a  part  of  this  mercury  runs  out  into  tube  r„  but  returns 
into  the  ring  during  the  progress  of  the  rotation.  The  width  of 
rl  therefore  mu6t  be  selected  so  great  that  the  mercury  running 
out  of  v  never  can  fill  the  full  cross-section  of  this  tube. 

V.   Double  Ring  Pump. 

The  greatest  difficulty  met  with  in  the  production  of  high 
vacua  by  rotary  air  pumps  is  caused  by  the  necessity  of  establish- 
ing an  absolutely  and  permanently  air-tight  joint  between  the 
rotary  and  the  stationary  parts  of  the  pump.    Without  doubt 


Fig.  6. 


this  is  a  principal  reason  why  the  practical  development  and  ap- 
plication of  rotary  pumps  has  not  been  carried  out  so  far.  It  is 
impossible  to  create  and  maintain  a  high  vacuum  according  to 
the  notions  of  this  day  without  a  connection  warranting  perfect 
air-tightness  between  the  receiver  and  the  rotary  parts  of  the 
apparatus.  If  on  the  other  hand  the  receiver  were  to  be  rigidly 
connected  with  the  pump,  it  would  have  to  participate  in  the 
rotation  of  the  latter,  which  only  in  rare  cases  would  be  practical 
and  recommendable. 

While  it  is  perfectly  feasible  to  attain,  in  the  pumps  described 
above,  the  absolute  airtightness  of  the  axle  required,  still  we  did 
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not  succeed  so  far  in  finding  as  simple  a  solution  of  the  problem 
in  those  casus,  as  the  one  embodied  in  the  description  of  the  ap- 
paratus illustrated  by  Figs.  5  to  8.  This  pump  is  distinguished  : 
by  its  easy  manipulation,  quickness  of  work  and  reliability  of' 
action,  and  appears  equally  adapted  for  laboratory  work  as  for 
industrial  purposes. 

Also  this  apparatus  is  supposed  to  cooperate  with  an  auxiliary 
pump  which  is  used  to  create  a  moderate  preliminary  vacuum. 

To  facilitate  the  general  view  of  the  instrument,  only  one  of 
the  two  ring-shaped  pump-vessels  is  shown  in  Fig.  5. 

First  the  arrangement  of  the  axle  is  to  be  considered.     It  con- 


sists of  the  two  concentric  tubes  ax  and  Aj.  The  larger  tube  a„ 
is  mounted  rotatably  in  the  bearings  l,  and  l,,  lias  an  inclination 
of  45°  towards  the  horizon  and  projects  with  its  lower  end  into 
the  stationary  stuffing  box  s.  Through  the  bottom  of  s  a  tube  r 
is  introduced  air-tightly.  The  same  is  surrounded  by  the  wider 
tube  B,  as  by  a  bell,  the  mouth  of  which  is  turned  upwards.  The 
intermediate  space  between  r  and  r,  is  provided  with  mercury. 
Into  this  space  dips  the  inner  axial  tube  a?,  which  passes  air- 
tightly  through  the  closed  upper  end  of  tube  a,  and  rotates 
simultaneously   with  this  tube.     The  tube  r  is  to  be  connected 
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with  the  receiver,  tube  Rg  with  the  auxiliary  pump.  These  two 
tubes  are  connected  by  the  forked  tube  a,  which  is  so  arranged 
that  (after  the  vacuum  is  created)  mercury  may  be  introduced 
into  the  fork  or  withdrawn  from  the  same  by  raising  or  lowering 
the  vessel  o]a 

The  ringlike  pump  vessel  p  is  fastened  to  the  axle  by  six 
radial  arms  and  has  an  inclination  of  45°  towards  the  horizon. 
Into  the  circumference  of  the  ring  the  valve  v  is  inserted.  It 
essentially  consists  of  a  cylindrical  vessel  closed  at  the  bottom 
And  parallel  to  the  axle  of  rotation,  which  vessel  is  divided  into 
two  compartments  by  a  tongue  z  reaching  nearly  to  the  bottom 
of  the  valve.  One  of  these  compartments  is  connected  to  the 
middle  tube  a2  of  the  axle  by  tube  r2,  while  the  second  compart- 
ment communicates  with  the  hollow  space  c  contained  between 
the  walls  of  Aj  and  a2.  Instead .  of  this  shape  of  the  valve  we 
have  used  in  different  earlier  apparatus  a  bent  tube  of  the  shape 
Fig.  7,  as  devised  in  1885  by  Clerc*  Also  a  valve  of  the  shape 
Fig.  8  may  be  used  advantageously  in  which  the  two  compart- 
ments are  arranged  concentrically. 

The  valve  v  and  about  one-third  of  the  circumference  of  the 
ring  are  filled  with  mercury,  as  illustrated  by  Fig.  5.  If  the  ring 
is  rotated  in  the  direction  of  the  arrow,  the  air  contained  above 
the  mercury  level  nx  is  expelled  through  tube  rx  and  the  channel 
c  to  tube  BrZ.  At  the  same  time  air  is  drawn  in  the  rear  of  level 
n2,  through  tubes  r^  a2  and  r  into  the  pump  vessel. 

Let  the  receiver  now  be  connected  to  r,  and  the  ring  vessel 
be  placed  into  the  position  shown  in  Fig,  5,  so  that  tube  rx  may 
freely  communicate  with  the  interior  of  the  ring. 

First  the  auxiliary  pump  is  worked  and  the  interior  of  the 
receiver  and  of  the  ring  pump  evacuated  to  such  a  degree  as  the 
auxiliary  pump  may  be  able  to  produce,  say  for  instance  to  10 
millimeters  of  mercury  pressure. 

During  this  time  the  mercury  rises  up  in  the  barometric  tube 
b,  say  to  point  b.  Now  vessel  ot  is  raised  so  as  to  make  the 
mercury  enter  the  fork  o,  thus  interrupting  the  communication 
between  r  and  R2. 

The  level  of  the  mercury  contained  between  n{  and  r,  has  not 
been  changed  by  the  preliminary  evacuation,  since  so  far  the 
same  pressure  is  acting  within  a2  as  in  c. 


♦Clerc.     Deutsches  Reichs  Patent  36,447. 
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If  now  the  ring  be  rotated,  air  is  drawn,  by  the  action  of  the 
mercury  piston  explained  above,  from  the  receiver  into  the  ring 
through  r,  a2  and  r2.  On  the  other  hand  the  air  contained  in  the 
ring  above  n1?  is  expelled  toward  the  auxiliary  pump  through 
rl9  c  and  R2,  while  the  mercury  contained  in  v,  permanently  pre- 
vents a  direct  communication  between  the  ends,  ex  and  E2,  of  the 
ring. 

The  auxiliary  pump  is  now  only  worked  to  the  extent  re- 
quired for  removing  the  air  discharged  from  the  ring,  and  to 
maintain  in  r^,  and  the  parts  connecting  with  this  tube  the  pres- 
sure originally  created  therein. 

With  each  revolution  of  the  ring  the  pressure  decreases  in  a3 
while  between  a%  and  a,  it  remains  essentially  constant.  There- 
fore the  level  of  the  mercury  contained  between  a2  and  r,  will 
rise,  while  the  level  of  the  mercury  between  a2  and  Rt  must  sink. 
The  difference  in  the  level  thus  produced  cannot  become  greater 
than  the  one  corresponding  to  the  difference  of  pressure  between 
the  preliminary  vacuum  created  by  the  auxiliary  pump,  and  an 
absolute  vacuum,  i.e.,  not  greater  than  10  millimeters  in  the 
present  case. 

Of  course  the  difference  of  pressure  between  the  preliminary 
and  the  final  vacuum  is  also  manifested  in  the  shanks  oi  fork  g, 
thus  permitting  the  observer  to  watch  the  progress  of  the  evac- 
uation until  the  increase  of  the  difference  in  level  becomes 
inappreciable.  For  further  observation  a  McLeod's  gauge  is 
connected  to  r.  We  have  used  a  modification  of  the  same  6hown 
in  Fig.  9.  The  end  of  the  tube  t  connects  with  r.  Raising  and 
lowering  the  mercury  in  d  is  effected  by  corresponding  increase 
and  decrease  of  air  pressure  in  1.  For  that  purpose  the  tube  f 
is  connected  by  a  rubber  tube  to  the  auxiliary  pump.  A  drying 
tube  inserted  into  the  rubber  tube  keeps  the  air  in  1,  free  from 
moisture. 

The  stuffing  box  s,  only  serves  to  protect  the  jrreliminary 
vacuum  against  access  of  atmospheric  pressure  as  far  as  required. 
This  purpose  is  attained  by  a  number  of  greased  leather  washers 
k  inserted  into  the  stuffing  box  which  can  be  compressed  by  the 
nut-screw  m. 

The  separation  of  the  final  vacuum  from  the  preliminary  one 
is  effected  by  the  mercury  contained  between  ^  and  r  and  is 
accomplished  thereby  in  a  highly  satisfactory  manner.  Even 
with  the  highest  vacua  attainable  the  seal  proves  absolutely 
reliable. 
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A  seal  based  on  the  same  principle  may  be  used  instead  of  the 
stuffing  box  s,  to  separate  the  preliminary  vacuum  from  the  at- 
mosphere. We  have  carried  out  this  arrangement  in  several 
apparatus.  It  requires  a  somewhat  greater  length  of  the  axle, 
but  does  away  with  the  necessity  of  paying  attention  to  a  stuffing 
box,  as  in  Fig.  5. 

The  pump  which  we  found  to  be  the  best  amongst  the  various 
apparatus  constructed,  deviates  from  the  one  represented  by  Fig. 
5,  in  one  point  only,  which,  however,  is  of  great  practical  impor- 
tance. Instead  of  a  single  pump  vessel  p,  it  contains  two  of  them, 
viz.,  the  concentrical  rings  Pj  and  p2  (Fig.  6).  They  are  so  ar- 
ranged that  the  air  evacuated  from  the  receiver  during  the 
rotation  must  pass  through  both  rings  in  succession.  First  it 
enters  through  r2  into  the  ring  p2  and  is  expelled  (during  the 
next  revolution)  by  the  piston  02  to  r8.  Thus  it  enters  the  ring 
Pj  from  which  (during  the  following  revolution)  it  is  removed  by 
piston  Qj  to  TV  Thence  it  is  drawn  off  by  the  auxiliary  pump 
in  the  same  manner,  as  in  Fig.  5. 

The  vacuum  created  in  pt  in  the  rear  of  n4,  improves  with  each 
revolution.  The  consequence  is  that,  after  the  pump  has  been 
running  for  a  short  time,  the  air  withdrawn  from  the  receiver  by 
ring  p2,  is  discharged  into  a  space  already  highly  evacuated,  viz., 
into  the  vacuum  of  ring  i\.  The  whole  volume  of  ring  p2,  and 
the  mercury  contained  therein  will,  therefore,  come  into  contact 
only  with  air  of  high  rarefaction,  which  circumstance  is  of  great 
importance  if  extreme  evacuation  is  aimed  at. 

The  pump  does  not  require  any  manipulation,  except  a  simple 
rotation.  It  therefore  can  be  easily  run  by  machinery.  For  that 
purpose  there  is  space  provided  on  the  axle  for  a  pulley.  For 
rotating  the  apparatus  by  hand  wooden  handles  are  used,  forming 
prolongations  of  the  six  spokes  of  the  frame. 

By  this  pump  vacua  of  so  high  a  degree  as  to  escape  close 
measurements  by  the  McLeod's  gauge  have  often  been  created. 
For  that  purpose,  of  course  it  is  necessary  to  provide  for  the 
absolute  dryness  of  the  mercury  and  of  all  parts  of  the  pump 
and  the  receiver. 

As  drying  material  in  producing  high  evacuation  we  have  used 
metallic  sodium  with  good  success.  It  eagerly  absorbs  humidity 
and,  while  giving  off  hydrogen,  is  covered  with  a  layer  of  caustic 
soda.  As  the  latter  is  highly  hydroscopical,  it  adds  efficiently  to 
the  drying  action  of  the  metal. 
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The  vessel  containing  the  sodium  was,  as  a  rule,  connected  to 
the  rest  of  the  system  by  a  tube  susceptible  of  being  closed  by  a 
mercury  seal. 

A  ptimp  of  the  kind  described  in  which  the  outer  ring  had  a 
diameter  of  60  centimeters  and  a  capacity  of  0.9  liter,  permitted 
15  revolutions  per  minute  when  rptated  by  hand.  At  present  a 
larger  machine  for  industrial  purposes  is  in  course  of  construc- 
tion, in  which  the  volume  of  the  outer  ring  amounts  to  8.5  liter. 

In  conclusion  I  wish  to  remark  that  besides  the  apparatus  de- 
scribed quite  a  number  of  different  modifications  of  the  pump 
have  been  worked  out,  every  one  having  its  peculiar  merits  or 
advantages. 

I  do  not  hesitate  to  say  that  although  more  than  hundred 
years  have  elapsed  since  the  construction  of  the  first  mercury 
pump,  still  I  think  that  we  are  far  from  having  fully  realized 
the  possibilities  of  perfection  contained  in  this  apparatus,  and 
that  we  may  expect  valuable  fruit  from  further  work  in  this  line, 
especially  on  account  of  the  close  connection  of  modern  electrical 
research  with  the  nature  of  high  vacua. 


At  the  conclusion  of  the  reading  of  Mr.  Shulze-Berge's  paper, 
the  Chairman  stated  that  it  was  open  for  discussion. 

Dr.  L.  K.  Bohm,  of  New  York : — The  idea  appears  to  be  a 
novel  one,  and  the  theory  to  be  correct,  and,  no  doubt,  the  pump 
will  work  well.  The  simple  spark  gauge  is  a  valuable  instrument 
for  measuring  pressure  and  no  vacuum  could  be  produced  which 
is  not  within  the  range  of  its  sensitiveness. 

Mb.  Shulze-Bkbgk  : — We  have  used  different  McLeod  gauges, 
and  the  one  in  which  the  proportion  between  the  bulb  and  the 
volume  tube  was  the  greatest  had  a  ratio  of  thousand  to  one. 
Now,  in  those  cases  to  which  I  referred,  it  was  practically  im- 
possible to  correctly  ascertain  the  difference  in  neight  of  the 
mercury  levels  of  the  gauge  when  the  mercury  was  raised  to  the 
highest  division  of  the  volume  tube.  This  difficulty  always  oc- 
curred when  the  pressure  of  the  vacuum  was  in  the  neighborhood 
of  0.00000001  atmosphere  (one  hundred-millionth  of  one  atmos- 
phere). Now,  it  is  stated  that  some  higher  measurements  have 
been  made,  but  I  confess  I  do  not  see  how  it  could  be  possibly 
done  according  to  all  the  experiences  that  I  have  had  with 
McLeod's  gauges. 

Dr.  Bohm  : — How  do  the  cold-drawn  steel  tubes  stand  the  high 
vacua? 

Mb.  Shulze-Berge  : — I  have  to  remark  first  that  the  bigger 
form  of  the  pump,  which  is  intended  for  a  lamp  factory  here,  is 
built  of  cold- drawn  steel  tubing,  and  so  in  that  case  I  do  not 
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think  there  is  any  chance  for  any  risk.  The  smaller  pumps  which 
were  used,  and  which  have  served  as  models  of  the  big  one,  were 
made  of  glass,  and  the  glass  had  an  inner  diameter  of  one  inch. 
In  that  case  we  have  provided  a  device,  which  I  have  not  de- 
scribed, because  I  did  not  want  to  go  too  much  into  detail,  which 
is  interposed  in  two  places,  on  the  one  hand  between  the  receiver 
and  the  tube  r,  and  on  the  other  hand  between  the  preliminary 
pump  and  the  tube  Rg.  This  device  consists  of  a  check  valve 
and  is  so  arranged  that  as  soon  as  a  break  should  occur  in  the 
receiver,  wherever  it  may  be,  the  check  valve  closes  immediately 
and  does  not  let  in  the  air  but  very  slowly.  Thus,  wherever  the 
mercury  may  stand  in  the  pump,  it  is  only  moved  slowly  and 
gradually.  If  that  would  not  be  the  case,  then  the  chances  would 
be  that  the  mercury  thrown  up  suddenly  here  might  possibly 
break  this  part.  In  fact,  in  some  apparatus  which  we  used  in 
the  first  experimenting  it  has  happened  once,  that  the  connec- 
tion was  broken  by  trie  mercury  being  thrown  there,  but  with 
these  check- valves  there  is  no  danger  at  all  of  this. 

Dr.  F.  A.  C.  Perrine,  of  Leland  Stanford  Jr.  University : — 
A  discussion  on  this  pump  seems  to  belong  in  Section  A,  Pure 
Theory,  as  very  few  nave  an  experience  with  anything  similar. 
In  regard  to  the  question  of  whether  the  mercury  would  become 
dirty  in  this  air  pump,  I  suppose  that  perhaps  it  would  be  kept 
clean  by  the  action  of  the  preliminary  vacuum,  thereby  taking 
up  the  action  of  air.  But,  I  know  that  in  the  Geissler  pumps, 
wnich  are  manipulated  by  preliminary  vacua,  there  is  a  discolora- 
tion of  the  mercury  unless  the  pumps  are  so  arranged  as  to  expel 
a  slight  portion  of  the  mercury  at  each  stroke  of  tne  pump,  I  do 
not  see  tnat  there  is  any  provision  for  expelling  any  of  it  except 
in  Fig.  4  ;  I  mean,  that  there  is  any  provision  for  expelling  any 
mercury,  and  even  in  that,  as  I  understand  Mr.  Schulze-Berge, 
the  mercury  runs  back  again.  But,  as  I  say,  it  is  entirely  a 
matter  of  theory  with  all  of  us  except  Mr.  Schulze-Berge  as  to 
whether  the  mercury  does  become  dirty  after  working  a  long  time. 
Then  another  thing  I  see  about  the  pump  is  the  question  of  cost 
That  pump,  it  seems  to  me,  is  one  almost  surely  destroyed  by  a 
failure  of  the  mechanical  air  pump,  and  if  so,  the  question  of 
costs  of  the  parts  which  would  oe  destroyed,  is  a  very  important 
one.  I  would  like  to  ask  Mr.  Schulze-Berge,  in  case*  of  failure 
of  the  mechanical  vacuum,  what  parts  of  the  pump  would  be 
destroyed,  and  also  how  long  the  pump  will  run  before  the  mer- 
cury becomes  soiled. 

Mr.  Schulze-Berge  : — It  is  going  to  be  in  continuous  use  in  a 
lamp  factory.  In  experimental  work  it  has  been  running  some- 
times four  hours  or  so,  according  to  the  experiments  to  be  per- 
formed with  it.  As  to  the  cleaning  of  the  mercury,  in  this 
experimental  work  there  was  no  trouble  about  it  whatever.  As 
long  as  we  have  had  the  pump  in  use  we  have  not  cleaned  it. 
This  small  pump  has  only  been  worked  by  hand,  and  it  is  to 


DISCUSSION.  855 

some  extent  tiresome  to  turn  it  all  the  while,  thongh  it  moves 
easily  enough  to  be  turned  continuously. 

Dr.  Pbbbine  : — How  fast  does  the  pump  run  ? 

Mr.  Schulze-Berqe  : — The  greatest  number  of  rotations 
of  this  smaller  pump  was  fifteen  per  minute,  with  the 
bigger  one,  I  expect  that  we  will  run  from  ten  to  fifteen  per 
minute,  an  evacuated  space  of  the  capacity  of  the  ring  being 
brought  into  connection  with  the  receiver  at  each  revolution. 

I  nave  only  used  so  far  solid  tubes  in  other  instruments,  and  in 
such  cases  I  have  never  had  any  difficulty  about  the  vacuum 
going  down.  The  steel  tubes  in  that  pump  Fig.  6  are  about  A 
in.  thick  in  the  wall.  I  used  a  simitar  pump  which  I  bunt 
several  years  ago  on  the  other  side  of  so-called  Mannesmann  iron 
tubing,  and  I  have  not  had  the  slightest  trouble  about  the 
vacuum,  as  far  as  I  could  get  it  then.  The  pump  Fig.  6  is  iiow' 
at  the  factory  to  be  tested,  and  I  am  going  to  try  it  in  a  few 
weeks. 

When  we  designed  the  pump  our  intention  was  to  do  it  by 
electric  welding,  out  it  was  shown,  when  the  electric  welding 
process  was  tried  on  a  number  of  joints  of  this  sort,  that  there 
was  a  great  risk  in  it.  For  that  reason  we  have  preferred  to 
fasten  the  joints  in  this  way :  We  screw  the  two  ends  of  the 
tubes  together  with  a  soft  platinum  washer  placed  between, 
which  platinum  washer  keeps  back  any  mercury  from  moving 
out  of  the  tube.  On  the  outside  of  the  tube  we  have  soldered 
the  joint,  and  the  platinum  washer  prevents  the  mercury  from 
affecting  the  solder. 

As  no  other  papers  were  then  ready  to  be  presented,  the  Sec- 
tion adjourned  to  meet  at  10  a.  m.  the  following  day. 

Second  Meeting,  Wednesday,  August  23,  1893. 

The  Section  was  called  to  order  at  10  a.  m.  by  the  Chairman, 
Prof.  Houston,  who  introduced  Prof.  D.  C.  Jackson,  of  the  Uni- 
versity of  Wisconsin,  who  read  the  following  paper  on  Under- 
ground Electric  Construction  in  the  United  States. 


UNDERGROUND  WIRES  FOR  ELECTRIC  LIGHTING 

AND  POWER  DISTRIBUTION. 


BY   PROF.    DUGALD   C.    JACKSON, 
Of  the  University  of  Wisconsin. 


Conduits. 

The  advantage  of  placing  all  electric  wires  underground  has 
been  recognized  from  the  very  birth  of  the  electrical  industries 
(some  of  the  earliest  telegraph  lines  having  their  conductors 
buried),  but  difficulty  of  insulation  and  great  first  cost  have  pre- 
vented a  general  adoption  of  the  system.  Now,  however,  the 
unsightly  appearance  of  overhead  wires  and  the  obstruction  of 
streets  caused  by  pole  lines,  as  well  as  the  obstruction  to  firemen 
in  cases  of  fire  in  high  buildings,  have  led  the  councils  in  nearly 
all  large  cities  to  compel  the  electric  companies  to  bury  their 
wires,  at  least  in  the  most  crowded  districts. 

From  the  operating  company's  standpoint  there  are  many  ad- 
vantages in  an  underground  distribution  system.  Reliability  and 
safety  are  the  strongest  arguments.  Sleet  storms,  fires,  winds, 
and  other  similar  causes  of  breakdowns  in  an  overhead  system 
are  harmless  when  the  wires  are  below  the  pavement.  Under- 
ground lines  have  been  operated  for  years  without  interruption 
due  to  trouble  on  the  lines  when  proper  care  hds  been  taken  in 
their  installation. 

The  methods  of  placing  wires  underground  in  this  country  are 
divided  generally  into  two  classes.  (1.)  Solid  or  built  in  systems. 
(2.)  Drawing-in  or  conduit  systems.  In  the  first  a  conductor  in- 
sulated and  protected  in  some  way  from  mechanical  injury,  is 
buried  and  cannot  be  reached  for  rep*  *ept  by  tearing 

up  the  street.    In  the  second  class,  \  either  bare 
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or  insulated,  are  pulled  into  some  kind  of  a  conduit.  They  may 
be  removed  or  repaired  at  any  time,  and  additional  wires  to  the 
fall  capacity  of  the  conduits  may  be  drawn  in  as  they  become 
necessary.  For  plants  which  are  likely  to  grow,  the  drawing-in 
conduit  system  has  proven  altogether  the  best,  and  it  is  always 
easier  to  get  at  breaks  and  make  repairs  without  delay  to  the 
consumer  or  obstruction  in  the  street.  The  first  cost  is  slightly 
greater  than  that  of  the  built-in  system,  but  usually  not  enough 
to  balance  the  advantages  The  Edison  tube  is  the  only  important 
example  of  the  built-in  system  in  this  country,  and  while  it  is 
very  successful  on  low  pressure  work,  the  difficulty  of  maintain- 
ing the  insulation,  particularly  at  the  couplings  and  junction 
boxes,  for  high  pressure  work,  bar  it  from  general  competition. 

Drawing  in  conduits  of  two  classes  have  been  used,  insulating 
and  non-insulating,  but  the  former  class  have  always  failed  to 
work  and  have  gone  entirely  out  of  use  for  underground  work. 
If  a  perfectly  insulating  conduit  could  be  built,  into  which  bare 
wires  could  be  safely  pulled,  there  would  be  a  great  saving  in 
cost,  as  the  insulation  of  a  cable  makes  up  half  the  cost  of  an 
underground  system.  But  since  it  has  been,  found  absolutely 
impossible  to  prevent  the  condensation  of  moisture  on  the  inside 
of  a  conduit,  the  insulation  due  to  the  conduit  cannot  be  kept 
up,  unless  air  can  be  completely  excluded,  particularly  from  man- 
holes or  junction  boxes.  Therefore  at  present  the  non-insulating 
conduit  system  is  the  method  which  is  generally  used  for  under- 
ground wires. 

I. 

A  complete  subway  system  consists  of  three  parts:  1st,  the 
conduit;  2nd,  drawing-in  manholes  placed  at  convenient  inter- 
vals; and  3rd,  arrangements  to  get  at  the  cables  for  the  purpose 
of  service  connections. 

Anything  which  will  keep  open  a  hole,  smooth  enough  on  the 
inside  not  to  injure  the  cables  in  drawing  in,  and  strong  enough 
to  protect  them  from  mechanical  injury  for  an  indefinite  length 
of  time,  will  do  for  a  conduit,  provided  there  be  nothing  about 
the  material  which  will  injure  the  covering  of  the  cables. 

Of  the  large  number  of  conduits  which  have  been  used  or  pro- 
posed, there  are  at  present  in  successful  use  in  America  on  a 
large  scale  four  typical  forms.  Iron  pipe,  which  may  be  either 
cast  or  wrought ;  cement-lined  sheet  iron  pipes ;  tile,  terra  cotta, 
or  clay  pipes,  and  wood  tubes. 
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The  most  generally  used  are  the  earthen  ware  conduits,  and 
the  most  used  of  them  is  made  of  glazed  terra  cotta,  in  sections 
three  feet  long  with  one  or  more  rectangular  ducts,  each  capable 
of  carrying  at  least  three  cables. 

The  walls  are  about  one  inch  thick,  and  are  supposed  to  be 
strong  enough  not  to  be  cracked  by  the  shocks  of  street  traffic, 
when  laid  eighteen  inches  below  the  street  surface.  Rectangular 
ducts  have  a  considerable  advantage  over  round  ones  when  the 
cables  are  properly  drawn  in.  There  is  lees  trouble  in  drawing 
in  several  cables,  as  they  may  be  arranged  to  lie  side  by  side,  in- 
stead of  on  top  of  each  other,  and  any  one  may  be  then  with- 
drawn at  any  time  without  disturbing  the  others.  The  glaze  of 
the  ducts  has  quite  a  high  electrical  resistance,  but  this  is  prob- 
ably a  disadvantage  as  the  cable  cover  should  be  continuously 
grounded,  to  prevent  shocks  to  linemen  from  static  effects,  or 
from  leakage. 

The  terra  cotta  conduit  is  water  tight  and  fairly  gas  tight  when 
properly  laid,  but  moisture  can  never  be  entirely  kept  out  of  any 
conduit,  and  gas  is  found  to  get  through  even  the  best  built 
walls,  if  it  is  present  in  the  soil  in  any  quantity.  The  lengths  of 
the  terra  cotta  sections  is  short  enough  so  that  something  of  a 
bend  may  be  made  in  laying,  but  as  the  bend  is  really  a  series  of 
straight  sections,  with  angles  between  them,  it  is  rather  difficult 
to  pull  cables  around,  and  manufacturers  recommend  perfectly 
straight  ducts.  All  irregularities  on  the  inner  surface  are 
smoothed  off  before  the  tile  leaves  the  factory,  so  there  is  no 
possibility  of  damaging  the  cable  in  drawing  in  and  there  is  noth- 
ing about  the  material  that  could  possibly,  by  any  chemical  action, 
injure  the  lead  covering  of  the  cables,  or  make  the  withdrawal  of 
the  cables  difficult  after  they  have  been  in  service  a  considerable 
time. 

There  is  a  great  diversity  of  opinion  as  to  the  proper  depth  at 
which  a  conduit  should  be  laid.  The  principal  conditions  affect- 
ing this  are  the  presence  and  location  of  other  pipes  and  obstruc- 
tions in  the  streets;  the  amount  of  tearing  up  to  which  the  streets 
are  subjected ;  and  the  method  of  distributing  wires  from  the 
conduits.  By  some  it  is  claimed  that  it  is  well  to  go  below  the 
frost  line,  but  as  the  material  should  be  one  not  cracked  by  frost, 
this  is  not  usually  deemed  necessary.  City  ordinances  often 
affect  the  position  below  the  streets,  and  then  the  best  is  made 
of  what  may  be  unsatisfactory  conditions.     If  it  be  possible,  the 
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depth  of  the  top  of  the  conduit  should  be  about  two  feet  below 
the  pavement,  when  the  conduit  is  laid  in  concrete,  as  at  that 
depth  there  is  no  danger  of  cracking  from  the  weight  of  heavy 
teams  in  the  street,  as  has  been  the  experience  where  clay  con- 
duits have  been  laid  at  less  depth.  If  clay  pipe  is  laid  bare  in  the 
earth  (i.  *.,  without  concrete),  it  should  be  generally  about  three 
feet  deep  for  absolute  security.  The  tile  conduit  should  be,  and 
where  the  best  results  have  been  obtained,  is  laid  in  a  bed  of 
from  two  to  six  inches  concrete,  and  covered  with  concrete  to 
that  depth,  so  that  when  the  whole  has  hardened  it  is  like  a  con- 
tinuous set  of  stone  ducts.  The  top  may  be  further  protected  by 
creosoted  boards  if  the  conditions  make  it  necessary.  Joints 
between  the  sections  are  made,  either  by  wrapping  the  joint 
with  several  layers  of  burlap  strips,  soaked  in  hot  asphalt,  or  by 
means  of  a  tile  sleeve  over  the  joint  which  is  cemented  on.  The 
latter  joint  is  usually  used  when  the  conduit  is  laid  in  concrete, 
and  in  laying  the  conduit  it  is  then  usually  sufficient  to  simply 
bring  the  sections  together  in  a  line  in  a  trench,  and  fill  in  with 
concrete. 

The  durability  of  this  terra  cotta  conduit  depends  somewhat 
u)K>n  where  and  how  it  is  laid.  If  excavations  in  the  streets  are 
frequent  there  is  considerable  danger  of  its  being  cracked  by 
picks  and  other  tools  in  the  hands  of  workmen.  When  concrete 
is  used  the  conduit  will  "  stand  alone,"  even  if  all  earth  be  re- 
moved from  around  it  for  some  distance,  and  ordinary  street 
excavations  will  not  disturb  it,  but  if  the  excavation  is  not 
properly  filled  in,  the  whole  construction  may  Settle  after  a  time 
and  cause  considerable  damage.  No  natural  deterioration  of  this 
material  can  take  place.  It  is  absolute  proof  against  heat  and 
chemical  action,  so  unless  it  be  disturbed  it  should  last  forever. 

House  services  are  sometimes  taken  off  from  this  type  of  con- 
duit by  means  of  hand  holes  in  front  of  each  house,  using  a  sub- 
sidiary duct  of  iron  pipe  running  into  the  basement ;  and  some- 
times the  service  wires  are  taken  from  the  manholes  and  carried 
into  each  block  by  the  subsidiary  duct,  whence  they  are  distrib- 
uted overhead  from  roofs  or  otherwise.  The  all  underground 
method  is  the  best,  but  it  is  more  expensive  so  it  is  less  fre- 
quently used.  In  either  case  a  subsidiary  duct  is  necessary  and 
for  this  iron  pipe  is  undoubtedly  best,  and  is  recommended  by  all 
manufacturers.  If  a  system  has  a  considerable  number  of  ducts, 
and  hand  holes  are  to  be  used,  the  top  layer  should  be  used  for 
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the  distribution  mains,  so  that  the  service  can  be  readily  taken 
off  and  shallow  hand  holes  used.  When  for  any  reason  the  main 
conduit  is  laid  quite  deep  a  separate-duct  or  set  of  ducts  should 
be  run  near  the  surface  for  distribution.  Sometimes,  in  business 
districts  it  is  possible  to  supply  a  whole  square  from  a  single 
manhole  as  the  wires  can  run  along  under  the  side  walks  or  pass 
through  the  partition  walls  of  buildings.  The  method  of  distri- 
bution is  practically  the  same  for  any  of  the  forms  of  conduit  in 
common  use  except  the  Johnstone  conduit,  which  may  be  tapped 
into  anywhere. 

The  experience  of  those  who  h&ve  used  tile  conduits  seems  to 
be  very  favorable,  especially  in  the  smaller  cities.  In  Washing- 
ton it  is  highly  praised,  both  by  the  telephone  and  electric  light 
companies,  and  telephone  companies  in  Baltimore,  Chicago, 
Pittsburgh,  Milwaukee,  and  other  cities  consider  it  successful. 

In  Milwaukee  an  ordinary  cement  sewer  pipe  has  been  laid  in 
the  same  manner  as  the  tile,  with  cemented  joints  but  no  con- 
crete, and  it  makes  a  very  fair  conduit  which  is  a  little  cheaper 
than  the  special  form.  The  pipes  are  softer  than  vitrified  tile 
and  therefore  more  liable  to  mechanical  injury,  but  the  system 
has  not  yet  been  long  enough  in  use  to  fully  decide  on  its  com- 
parative merits. 

The  simplest  of  all  conduits  and  one  which  is  used  quite  gener- 
ally is  a  common  wrought  iron  gas  or  steam  pipe,  either  laid  bare 
in  the  ground  or  in  a  bed  of  concrete.  Ducts  are  usually  of  2  in. 
to  3  in.  pipes,  and  since  a  3  in.  pipe  will  carry  four  elec- 
tric ordinary  light  cables  the  system  is  economical  of  space  in  the 
streets.  One  cable  can  be  pulled  out  when  the  others  are  in  the 
ducts,  but  the  practice  of  handling  cables  separately  when  several 
are  in  one  duct  is  not  advocated  by  the  most  experienced. 
Joints  in  the  pipes  are  made  with  a  sleeve  screwed  on  with  a 
vanishing  thread,  which  is  cut  so  that  the  ends  of  the  pipe  come 
close  together  inside  the  sleeve.  The  sections  of  pipe  are  gener- 
ally 20  ft.  long. 

When  properly  joined  the  pipe  is  of  course  water  tight,  but 
gases  get  into  the  manholes  as  in  all  other  systems.  The  great 
advantage  iron  pipe  has  over  all  other  forms  of  conduit*  is  its 
flexibility.  It  may  be  bent  in  any  direction  at  any  point,  to 
avoid  obstacles  in  the  streets,  and  it  should  always  be  used  when 
obstacles  are  particularly  numerous.  Some  authorities  claim  that 
a  conduit  should  never  bend,  but  experience  in  New  York  and 
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Ohicago  proves  that  cables  can  be  palled  'easily  around  several 
bends  with  radii  of  three  feet  or  less. 

The  best  method  of  laying  iron  pipe  ducts  is  in  concrete,  with 
the  pipes  about  one  and  one-half  inches  apart.  It  is  sometimes 
best,  as  an  extra  precaution  against  mechanical  injury  to  box  it 
in  at  least  on  the  top  and  sides  with  creosoted  plank.  Pipe  may 
be  laid  bare  in  the  ground  but  it  is  then  less  durable.  Iron  has 
been  found  to  have  no  bad  effects  on  the  lead  covers  of  the 
cables*  either  while  drawing  in,  or  by  chemical  action  after  they 
are  in,  although  it  is  possible  for  rust  to  so  fill  up  the  ducts  that 
the  cables  cannot  be  easily  withdrawn.  The  only  bad  feature  of 
this  form  of  conduit  is  its  magnetic  qualities.  If  an  alternating 
current  is  carried  through  an  iron  duct,  and  the  return  wire  is  in 
Another  duct,  the  self-induction  is  greatly  increased  and  the  loss 
of  pressure  is  considerable.  In  one  case,  where  the  effect  of  iron 
conduits  upon  the  loss  of  pressure  in  electric  light  cables  was 
tested  the  loss  due  to  impedance  was  found  to  be  a  considerable 
factor.  Mr.  Preece  finds*  a  fall  of  pressure  of  two  volts  with  a 
current  of  7.2  amperes  and  resistance  of  .0088  ohms,  when  the 
conductors  are  thus  arranged.  He  concludes  that  the  losses  are 
due  to  hysteresis  and  eddy  currents  in  the  pipe  and  is  conse- 
quently opposed  to  the  use  of  iron  for  this  purpose.  A  satisfac- 
tory commercial  remedy  for  the  defects  is  to  put  both  sides  of  the 
circuit  into  the  same  duct,  and  as  close  together  as  possible.  A 
great  many  cables  used  in  some  of  the  cities  are  made  with  the 
outgoing  and  incoming  wires  duplexed  together  for  this  purpose. 

An  iron  pipe  conduit  is  more  secure  against  mechanical  injury 
than  any  other  kind,  especially  if  it  be  laid  in  concrete  and  pro- 
tected by  creosoted  planking.  It  is  said  by  those  having  exper- 
ience that  a  laborer  will  try  to  dig  around  wood  in  the  ground, 
when  he  will  go  right  through  concrete,  so  that  wood  is  a  con- 
siderable protection.  Occasionally  a  crow-bar,  driven  down  into 
the  street  for  an  anchorage  will  go  through  plank,  concrete  and 
all,  but  it  will  glance  off  the  pipe  unless  it  happens  to  strike  very 
near  the  center. 

The  greatest  cause  of  deterioration  in  iron  pipe  conduits  is 
oxidation.  The  amount  of  this  in  conduits  cannot  yet  be  deter- 
mined as  they  have  not  yet  been  in  long  enough,  but  other  pipes, 
when  laid  bare  in  the  earth,  probably  do  not  keep  in  good  con- 
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dition  more  than  25  years.  If  laid  in  concrete,  the  inside  of  the 
pipe  only  will  oxidize,  and  it  is  claimed  that  the  pipe  might  be 
entirely  eaten  away  and  yet  leave  a  smooth  duct  through  the 
concrete,  but  considering  the  quality  of  concrete  which  is  ordin- 
arily used,  this  is  very  doubtful.  In  New  York,  before  venti- 
lating blowers  were  put  in  use,  a  greasy  deposit  was  found  on 
the  inside  of  the  conduit,  and  this  seemed  to  protect  the  iron, 
but  since  the  conduct  has  been  thoroughly  ventilated  to  avoid 
gas  explosions,  this  deposit  has  disappeared  and  the  pipes  show 
the  effect  of  rust  to  a  considerable  extent. 

The  distribution  of  wires  from  iron  pipe  conduits  is  made  in  a 
similar  manner  to  that  for  tile  conduits,  a  special  tier  of  ducts 
being  used  for  distributing  mains  only  when  necessary.*  The 
Johnstone  conduit  is  sometimes  used  for  distributing  from  wrought 
iron  pipe  conduits.  It  consists  of  cast  iron  sections  five  feet  long, 
containing  two  rows  of  square  ducts.  This  conduit  is  laid  bare 
in  the  earth,  and  joints  are  made  fairly  tight  with  plumbers' 
putty.  Before  every  alternate  house  there  is  a  removable  top, 
and  a  place  in  the  side  of  the  conduit  where  a  wrought  iron 
subsidiary  pipe  may  be  screwed  in,  making  it  possible  to  take  off 
services  without  expensive  handholes  or  manholes.  This  conduit 
must  be  laid  quite  near  the  street  surface.  Cast  iron  lasts  better 
in  the  earth  than  wrought  iron,  so  the  life  of  this  conduit  should 
be  fairly  long,  but  of  course  the  danger  of  mechanical  injury  is 
somewhat  greater  than  in  a  properly  laid  wrought  iron  pipe 
conduit  with  concrete.  It  lacks  flexibility  and  is  quite  heavy, 
but  seems  to  l>e  the  only  distributing  system  worked  out  in  detail 
and  is  quite  successful  in  New  York,  which  is  the  principal  place 
where  it,, as  well  as  the  iron  pipe  conduit,  is  used. 
.  Tubes  of  wood,  treated  with  various:  substances  to  preserve 
them,  have  been  manufactured  by  several  companies  and  quite 
generally  used.  At  present  Philadelphia  probably  has  in  use  a 
greater  length  of  wooden  conduit  than  any  other-  city,  though 
there  is  considerable  of  it  in  Chicago  and  Brooklyn;  As  used 
in  Philadelphia,  it  is  made  up  of  pieces  cut  in  this  shape 
I  ||  |t  laid  one  above  another  to  give  any  desired  number  of 
ducts,  and  spiked  down,  the  various  pieces  being  kept  in  proper 
relative  position  by  dowel  pins.  The  thickness  of  the  walls  is 
about  1£  inches,  the  top  being  usually  covered  with  a  2  in* 
plank  for  extra  mechanical  protection.  The  commonest  form  of 
wood  conduit  is  made  up  of  4*  X  4"  pieces  of  wood  with  a  Z' 
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hole  bored  through  from  end  to  end.  These  are  jointed  either 
by  a  male  and  female  union  or  by  simply  butting  the  ends  to- 
gether. For  a  preservative  of  the  wood,  oil  of  coal  tar,  carbol- 
ineum  and  other  compounds  have  been  used.  This  conduit  is  by 
no  means  water-tight,  but  with  proper  cables  it  has  been  quite 
successful.  It  is  less  flexible  than  iron-pipe,  but  curves  may  be 
approximated  by  using  short  sections.  One  of  the  greatest  ad- 
vantages claimed  for  the  wood  conduit  is  its  accessibility.  The 
wood  may  be  cut  away  at  any  point  and  connection  made  to  the 
cables  so  that  expensive  handholes  are  not  needed,  but  generally 
when  the  wooden  circuit  is  used,  the  distribution  is  made  from 
the  drawing-in  manholes.  The  greatest  disadvantage  of  the 
conduit  is  the  chemial  effect  of  the,  preserving  compound  on 
the  lead  covering  of  the  cables.  The  lead  is  entirely  destroyed  by 
chemical  action  in  a  short  timp,  when  in  the  presence  of  wood 
preservative,  unless  it  is  protected  by  hemp  braiding,  alloying 
with  tin,  etc.  Since  the  life  of  braiding  is  limited,  and  tin  does 
not  alloy  evenly  with  lead,  the  rate  of  depreciation  of  cables  in 
these  conduits  is  usually  great. 

The  durability  of  the  wood  is  a  matter  of  dispute.  It  is  claimed 
that  the  preservative  sinks  in  deeper  with  time,  making  the  wood 
almost  bone-like  after  it  has  been  in  the  ground  a  number  of 
years,  so  that  it  will  even  turn  the  edges  of  the  tools  U6ed  to  cut  it. 
From  the  experience  with  wood  similarly  treated  and  used  for 
other  purposes,  and  what  experience  has  been  had  with  conduits, 
it  seems  that  they  should  last  at  least  thirty  years,  and  probably 
much  longer.  Untreated  wood  which  is  considerably  used  in 
Chicago  and  elsewhere  will  probably  not  last  more  than  fifteen 
years. 

-  With  regard  to  mechanical  injury  from  the  laborer's  pick,  the 
wooden  conduit  is  as  safe  as  any  other,  but  a  bar  may  be  driven 
down  through  the  ducts  more  easily  than  through  iron  pipe. 

It  is  claimed  in  Philadelphia  that  wood  makes  the  only  really 
successful  conduit,  but  there  they  have  the  advantage  of  a  very 
efficient  control  of  the  underground  structures  which  occupy  the 
streets,  so  that  its  principal  disadvantages  are  not  felt. 

The  other  type  of  conduit  which  is  being  used  on  a  large  scale 
is /the  cement  lined  iron  pipe.  The  tubes  for  this  conduit  con- 
sist of  a  tough  sheet  iron  shell,  riveted,and  lined  with  £"  of  pure 
cement,  no  sand  being  used,  and  the  inside  being  carefully 
smoothed.     The  pipes  are  made  in  eight  foot  lengths  and  of 
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various  diameters.  The  weight  per  foot  of  3*  duct  (which  is 
generally  used)  is  about  five  pounds,  as  compared  with  seven  and 
one-half  pounds  for  wrought  iron  pipe.  It  is  claimed  that  the 
pipe  is  water  and  gas  tight,  and  proof  against  acids  and  alkalies. 
Distribution  is  always  effected  from  manholes  or  handholes,  the 
subsidiary  ducts  being  generally  Y  wrought  iron  pipes. 

The  cement  lined  pipes  cannot  be  bent,  but  some  flexibility 
may  be  gained  by  using  short  sections  connected  together  by  ball 
and  socket  joints.  Bends  made  in  this  way  must  be  of  large 
radius  or  cables  will  not  draw  in  satisfactorily.  Clay  and  wood 
conduits,  as  already  noted,  have  the  same  fault  of  inflexibility. 

The  cement  being  smooth  inside,  the  pipe  is  one  of  the  best  to 
draw  cables  into  that  has  been  tried.  It  is  probable  that  there 
is  no  deteriorating  effect  on  the  lead  from  the  cement,  although 
under  some  circumstances  it  has  softened  so  as  to  hold  cables 
fast.  It  was  feared  that  the  cement  would  crack  off,  but  this 
does  not  seem  to  be  the  case.  The  tubes  are  laid  in  concrete  and 
protected  exactly  like  the  ordinary  wrought  iron  pipe. 

The  danger  of  mechanical  injury  is  slightly  greater  than  with 
wrought  iron  gas  pipes,  as  the  sheet  iron  is  too  thin  to  be  a  pro- 
tection, but  the  danger  is  slight  when  properly  laid  in  concrete. 
The  cement  tube  like  terra  cotta  should  last  forever  if  not  me- 
chanically injured,  even  if  the  iron  becomes  entirely  oxidized, 
provided  it  be  true  that  the  cement  does  not  crack  nor  soften. 

The  main  arguments  made  in  favor  of  this  style  of  duct  are  its 
durability,  smoothness,  and  cheapness  as  compared  with  iron 
pipe. 

All  of  these  conduit  systems  are  in  successful  operation  on  a  large 
scale,  but  the  period  of  use  has  not  yet  been  long  enough  to 
prove  positively  that  they  will  all  endure  satisfactorily.  The 
users  of  each  appear  to  be  well  satisfied  with-  their  conduit 
Which  to  choose  for  any  new  installation  should  depend  on  the 
local  conditions.  When,  as  in  New  York,  the  streets  are  filled 
with  a  mass  of  pipe  of  all  kinds,  and  a  conduit  may  be  broken 
into  by  workmen  at  any  time,  the  flexibility  and  strength  of  the 
iron  pipe  are  necessary,  notwithstanding  its  greater  first  cost  and 
probable  greater  rate  of  deterioration.  Where  underground  work 
is  temporary,  as  at  the  Columbian  Fair  Grounds  for  example,  or 
where  cheapness  is  the  main  element,  the  wood  conduits  are  the 
best.  It  is  probable  that  their  effect  on  the  cable  and  lack  of 
flexibility  balance  the  arguments  in  their  favor,  (such  as  durability, 
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oontinuity  and  accessibility)  except  for  the  above  classes  of  work. 
The  arguments  in  favor  of  cement  lined  pipe  are  smoothness  and 
cheapness  and  it  doubtless  makes  a  very  satisfactory  conduit 
where  the  special  arguments  in  favor  of  iron  pipes  do  not  apply. 
For  use  where  (as  in  most  of  the  medium  sized  cities  of  the 
country),  there  is  still  room  in  the  street  for  a  good  sized  conduit 
without  many  bends,  and  where  the  amount  of  tearing  up  of  the 
streets  is  not  excessive,  the  vitrified  clay  conduit  seems  to  be 
best,  as  its  smooth  ducts  are  easy  to  draw  cables  into.  It  does 
not  injure  lead,  cannot  deteriorate  in  the  earth  due  to  any  chemi- 
cal action,  and  is  cheap.  The  Johnstone  conduit  is  excellent  for 
a  distributing  system  and  would  probably  answer  well  anywhere 
where  comparatively  small  capacity  and  no  flexibility  are  neces- 
sary. 

II. 

Having  thus  examined  the  various  methods  of  keeping  open 
a  hole  into  which  cables  may  be  drawn,  the  second  part  of  a  sub- 
way system,  the  manholes  and  handholes,  must  be  studied. 

Manholes  should  be  placed  at  all  points  where  branches  lead 
off  from  the  conduit.  They  should  never  be  more  than  500  ft. 
apart,  which  experience  proves  is  the  maximum  length  of  cable 
that  can  be  drawn  in  at  one  pull  under  ordinary  circumstances. 
Their  size  and  method  of  construction  depends  upon  the  kind 
and  size  of  conduit,  upon  its  depth,  and  very  frequently  upon 
city  regulations.  In  a  system  to  be  used  for  railway  feeders, 
where  after  the  first  installations  men  are  not  likely  to  work 
except  at  long  intervals,  some  inconvenience  causing  loss  of  time 
to  the  workmen,  costs  less  than  the  interest  on  the  extra  invest- 
ment for  large  manholes,  so  that  small  ones  can  be  used  to  good 
advantage.  For  electric  light  cables,  especially  where  several 
companies  occupy  the  same  conduit,  larger  manholes  are  neces- 
sary. This  is  a  matter  which  depends  altogether  on  local  condi- 
tions, which  is  also  true  of  much  else  connected  with  under- 
ground conduit  constructions. 

An  ordinary  standard  size  for  manholes  is  six  feet  square  and 
seven  or  eight  feet  deep.  When  the  conduit  consists  of  few  ducts, 
near  the  surface,  a  much  smaller  hole,  3  ft.  or  4  ft.  deep  may  be 
used,  with  a  large  cover  so  that  workmen  can  practically  stand  in 
the  street,  while  working  at  the  cables. 

The  walls  of  the  best  types  of  manholes  are  of  brick,  laid  in 
cement,  and  sometimes  the  whole  is  coated  with  cement,  but  this 
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is  probably  of  little  value.  The  character  and  thickness  of  the 
walls  is  determined  by  the  importance  of  preventing  gas  and 
water  from  leaking  into  the  manhole,  And  avoiding  the  destruc- 
tive effects  of  vibrations  caused  by  passing  teams.  A  founda- 
tion of  at  least  6  in.  concrete  should  be  6olidly  put  in  for  each 
manhole,  as  any  settling  is  apt  to  throw  the  ducts  out  of  line  and 
in  the  case  of  terra  cotta  to  crack  the  conduit,  as  well  as  disturb 
the  street  surface.  ,  Manhole  covers  are  of  cast  iron  and  are 
placed  on  a  ring  casting  set  of  the  brick  work.  This  casting 
should  be  well  fastened  down  by  anchor  bolts  or  something  of 
that  kind,  to  prevent  cracks  being  caused  from  the  effect  of 
vibrations.  The  covers  may  be  either  single  or  double,  but  as 
the  outside  cover  can  only  be  held  down  by  its  own  weight,  and 
never  makes  a  tight  joint,  the  double  cover  is  better  if  it  is  de- 
sired to  keep  the  hole  absolutely  clean,  but  in  nearly  all  cities 
single  covers  are  used  and  fair  results  obtained.  In  Chicago  the 
telephone  company  use  a  cover  with  £  in.  slots  in  it  for  ventila- 
tion, and  still  have  no  great  trouble  from  dirt,  although  it  is 
occasionally  necessary  to  clean  out  the  holes.  The  best  form  is 
where  the  inside  cover  is  screwed  down  (much  like  the  manhole 
cover  of  k  boiler)  on  a  rubber  gasket,  consequently  making  the 
hole  perfectly  tight.  The  inner  cover  should  be  of  a  form  that 
will  drain  all  water  away  from  the  gasket,  and  where  it  can  be 
readily  bailed  out  when  the  hole  is  to  be  opened.  When  the 
streets  of  a  city  are  fairly  cleaned  and  well  drained  and  especially 
for  small  holes,  the  double  cover  is  unnecessarily  expensive, 
but  in  this  case  it  is  well  to  make  the  outer  cover  extra  heavy 
and  to  use  a  hemp  gasket  under  it.  When  double  covers  are  not 
used  connections  from  manholes  to  sewers  are  frequently  made, 
and  this  should  always  be  done  where  the  location  is  such  that 
there  is  any  possible  danger  of  filling  with  water. 

Some  arrangement  should  always  be  made  for  hanging  the 
cables  against  the  sides  of  the  hole,  so  that  any  cable  can  be  easily 
reached  at  any  time,  and  so  that  men  cannot  easily  use  them  for 
steps  in  entering  the  manhole. 

Manholes  made  up  of  cast  iron  sections,  creosoted  lumber,  and 
of  concrete  have  been,  and  are,  used  to  some  extent,  but  the  best 
practice  all  over  the  country  seems  to  favor  the  brick  walls,  as 
strongest  and  best  and  fairly  cheap. 

For  complete  underground  house  to  house  distribution,  some 
kind  of  a  handhole  or  distributing  box  is  nearly  always  necessary. 
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They  are  usually  placed  at  the  line  of  every  second  lot,  two 
buildings  being  supplied  from  each  box.  . 

Handholes  are  of  two  types,  surface  and  buried.  The  first  has 
a  cover  like  that  of  a  manhole  on  the  surface  of  the  street,  and 
it  is  in  fact,  a  miniature  manhole,  with  either  a  single  or  a  double 
cover.  The  buried  handholes  have  a  cover  below  the  surface, 
and  are  covered  by  the  paving.  When  the  box  is  used  only  for 
distribution  this  type  is  probably  the  best,  as  it  may  cost  a  little 
less  and  the  pavement  must  be  torn  up  clear  to  the  hole  in  any 
event,  when  a  service  duct  is  to  be  put  in.  The  presence  of  iron 
covers  every  50  ft.  in  the  street  is  objectionable.  Handholes 
which  are  simply  boxes  into  which  the  ducts  open  on  each  side, 
and  in  which  there  is  a  place  for  subsidiary  ducts  to  enter,  are 
generally  about  2  ft.  deep,  and  are  large  enough  so  that  joints 
in  the  cable  may  be  made  in  them — 2  ft.  X  18  in.  being  a  fair 
size.  They  may  be  built  either  of  brick  or  cast  iron.  In  the 
latter  case  the  castings  are.  frequently  ring  sections,  built  up  to 
any  desired  height. 

Some  method  of  draining  a  conduit  is  necessary.  The  ducts 
may  be  laid  on  a  slight  slope,  toward  the  manholes,  which 'them- 
selves should  all  drain  to  one  point  and  water  may  be  allowed 
to  gather  there,  to  be  pumped  out  occasionally  from  the. street, 
or  sewer  connections  may  be  made.  The  later  is  unnecessary  if 
no  water  can  get  into  the  conduit  except  by  condensation. 

An  even  greater  enemy  than  water  to  the  success  of  an  under- 
ground system  is  gas.  In  nearly  all  the  large  cities  the  gas  mains 
are  in  a  leaky  condition  and  the  soil  is  full  of  gas.  If  the  pres- 
sure is  any  lower  in  the  conduit  than  in  the  street,  gas  will  flow 
in,  no  matter  how  tight  the  walls  appear  to  be.  The  objections 
to  this  are  two :  1st,  bad  effect  on  workmen  in  manholes ;  2nd, 
danger  of  explosion.  The  cause  of  gas  in  the  subways,  low  pres- 
sure, suggests  a  method  of  keeping  it  out,  that  is  to  maintain  a 
pressure  a  little  above  that  of  the  street  by  means  of  blowers  of 
some  kind.  This  method  has  been  a  great  success  in  New  York. 
A  special  pipe  (6*)  is  laid  connecting  the  manholes  where  open- 
ings of  different  sizes  ($-*  to  1")  are  made,  depending  upon  the 
distance  from  the  blower.  A  pressure  of  a  few  ounces  per  square 
inch  is  kept  at  the  blower,  and  the  gas  seems  to  be  entirely  kept 
out,  manhole  explosions  never  occurring.  The  amount  of  air 
required  is  about  500  cubic  feet  per  hour  for  a  manhole,  the 
amount  for  the  conduit  depending  on  the  kind  used.     In  New 
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York  abont  one  horse  power  is  required  at  the  blower  per  mile 
of  subway.  Id  cities  of  the  second  class,  where  gas  mains  are 
kept  in  a  fair  condition,  the  pressure  system  is  unnecessary.  The 
most  common  way  of  ventilating,  used  very  successfully  in 
Philadelphia  and  many  smaller  places,  and  with  moderate  success 
in  Chicago,  is  to  connect  the  manhole  by  a  pipe  with  a  hollow 
electric  light  pole,  so  that  the  pole  will  act  as  a  chimney.  By  this 
means  the  proportion  of  gas  can  be  kept  quite  low,  and  it  is  not 
expensive  if  the  poles  are  conveniently  arranged,  otherwise  the 
pipe  must  be  carried  up  the  side  of  a  building  or  other  conveni- 
ent object. 

The  comparative  cost  of  the  different  conduit  systems  is  diffi- 
cult to  estimate,  as  it  depends  upon  so  many  local  conditions.  It 
may  be  divided  into  cost  of  excavation  and  refilling,  and  the  cost 
of  material  and  laying  of  conduit.  The  first  part  will  vary  greatly 
with  the  kind  of  paving,  depth  of  conduit,  etc.,  but  is  nearly 
independent  of  the  kind  of  duct  used.  The  rate  of  depreciation 
of  a  subway  has  not  yet  been  determined,  but  from  the  use  of 
similar  materials  for  other  purposes,  it  may  be  estimated  as  being 
four  per  cent,  or  less  for  iron  pipe,  and  less  than  that,  for  any  of 
the  other  kinds  if  they  are  properly  protected  from  mechanical 
injury.  The  cost  of  maintenance  should  be  almost  nothing,  but 
actual  figures  for  the  conduit  alone  cannot  be  obtained. 


At  the  conclusion  of  the  reading  of  Prof.  Jackson's  paper,  the 
Chairman  declared  it  to  be  open  for  discussion. 

Mr.  M.  D.  Law  : — Mr.  Chairman  and  gentlemen :  I  have 
listened  with  great  interest  to  Mr.  Jackson's  description  of  under- 
ground conduits.  It  is  a  subject  that  interested  me  very  much, 
indeed,  a  few  years  ago,  and  I  have  been  through  a  great  many 
experiments,  trials  and  tribulations  myself  as  regarding  under- 
ground wiring.  1  have  spent  the  winter  in  Washington  and  have 
watched  with  great  interest  there  the  introduction  of  their  under- 
ground conduit  system.  It  is,  as  Mr.  Jackson  says,  a  terra  cotta 
pipe  in  square  form  made  up  in  two  sections,  lliat  seems  to  be 
the  prevailing  kind  that  they  are  placing  there,  and  they  are 
placing  a  very  large  amount  of  it,  and  from  all  I  can  learn,  they 
are  very  much  satisfied  with  it.  In  our  construction  we  use  the 
terra  cotta  round  pipe.  The  construction  in  Philadelphia,  as  he 
mentions,  is  made  up  largely  of  creosoted  wood,  both  in  the 
square  form  and  in  the  log  form,  and  also  of  the  cement-lined 
iron  pipe.  They  are  putting  down  a  very  large  amount  of  it 
there,  now,  but  I  question  very  much  whether  it  will  be  very 
successful.     I  cannot  say  very  much  to  you  in  regard  to  recent 
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uses  of  underground  wires  and  conduits,  for  the  reason  that  my 
work  lately  has  been  in  electric  traction  construction.  I  have 
spent  probably  about  13  years  in  electric  lighting,  but  have  re- 
cently gone  into  electric  traction  construction,  and  am  there  con- 
nected with  underground  trolley  work. 

That  work,  perhaps,  might  be  of  interest  to  some  of  you,  though 
it  does  not  just  exactly  hitch  in  with  underground  conduits  ;  still 
we  carry  underground  conduits  through  our  tracks.  The  under- 
ground trolley  that  is  in  successful  operation  there  consists  of  an 
open  conduit  14"  X  2i>*,  made  of  cast  iron  yokes  and  iron  shields 
on  the  side.  The  insulators  are  supported  underneath  the  slot 
rail,  the  rail  being  U  shaped,  so  that  it  protects  it  from  all  weather, 
all  moisture,  all  wet  of  any  kind  whatever,  and  also  protects  it 
from  any  wire  or  foreign  substance  dropping  through  the  slot 
and  getting  foul  of  the  conductors.  These  conductors  or  metallic 
circuits  are  maintained  so  that  we  carry  both  positive  and  nega- 
tive wires,  with  direct  copper  return  to  the  machine.  By  re- 
peated tests  I  have  found  this  line  has  a  very  high  insulation, 
often  as  high  as  ten  megohms  per  mile,  and  can  maintain  under 
the  worst  conditions  three  megohns  per  mile,  which  is  really 
above  overhead  construction.  By  close  observation  I  have  been 
unable  to  detect  the  least  particle  of  leak  in  the  worst  kind  of 
weather  so  that  the  matter  of  moisture  carrying  off  the  current  I 
think  we  have  got  rid  of.  The  line  is  cut  every  500  feet ;  in 
fact  it  is  an  overhead  trolley  line  placed  underneath  the  track, 
uninterrupted  in  any  place  whatever,  excepting  that  in  every  500 
feet  we  make  arrangements  by  which  we  can  open  that  line,  eo 
that  if  trouble  does  occur  that  line  can  be  opened  and  tested,  a 
decided  advantage,  and  each  section  can  be  cut  out  independently 
of  the  others. 

There  is  a  manhole  every  100  feet  to  facilitate  the  cleaning  of 
the  conduit  and  for  drainage.  In  the  yoke  itself  we  have  open- 
ings on  each  side  through  which  we  can  carry  six  three-inch 
underground  ducts  from  end  to  end  of  the  line.  This  will  allow 
us  to  carry  all  the  feed  wire  that  is  actually  necessary  for  any 
line,  for,  with  the  conductor  itself,  it  can  be  graduated  in  size  and 
made  of  sufficient  size  that  it  will  carry  the  current  for  a  four 
mile  road  without  the  addition  of  feed  wires,  thus  putting  your 
entire  distribution  of  copper  into  the  trolley  wire  itself,  and 
doing  away  with  the  expensive  insulating  cables.  I  am  ready  at 
any  time,  gentlemen,  to  give  you  a  private  explanation  of  this, 
and  show  you  the  insulators  and  trolleys,  especially  the  mechanical 
working  of  the  trolley  which  is  a  very  ingenious  instrument,  and 
in  that  the  success  of  the  whole  business  Res,  in  the  trolley  itself, 
in  its  ability  to  remain  on  the  wire.  1  am  at  your  disposal  at 
any  time  to  give  you  this  information. 

The  Chairman  : — There  are  a  number  of  gentlemen  here  who 
are  very  competent  to  discuss  this  paper,  ana  we  shall  be  pleased 
to  hear  from  them ;  but  as  our  time  is  short  we  shall  be  obliged 
to  limit  them  to  five  minutes  each. 
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Mr.  T.  D.  Lookwood,  of  Boston,  Mass.: — Mr.  Chairman  and 
Gentlemen:  I  venture  to  differ  from  your  chairman  in  one 
respect.  I  do  not  think  there  is  anybody  on  the  face  of  the  earth 
who  is  fully  fitted  to  discuss  this  very  important  subject— cer- 
tainly not  authoritatively — and  I  am  sure  nobodv  can  do  it  in 
five  minutes.  I  had  not  the  privilege  of  hearing  the  paper  from 
its  beginning,  but  what  1  heard  enabled  me  to  ascertain  that 
Prof.  Jackson,  had  at  least  investigated  his  subject  before  he 
began  to  write  it. 

There  is  one  thing,  if  there  is  nothing  more,  that  the  practical 
telephone  man  has  to  congratulate  himself  on,  and  it  is  this,  that 
if  he  is  not  a  pioneer  in  anything  else,  he  at  least  is,  in  under- 
ground construction  of  electric  wires.  As  early  as  1882  the 
recommendation  was  made  to  the  company  with  which  1  have 
the  honor  to  be  associated,  that  while  it  was  thought  to  be  im- 
practicable, or,  at  all  events  non-practical,  to  carry  on  telephone 
transmission  by  means  of  underground  wires,  it  was  at  least 
worth  trying  and  it  was  tried  ;  ana  the  first  instance  of  that  kind 
of  construction  was  simply  iron  pipes  laid  in  concrete  cement. 
Nobody  knew  how  to  make  underground  telephone  cables,  or  any 
other  kind  of  cables  then.  The  cables  were  drawn  into  the  con- 
duits from  manholes,  and  that  construction  existed  from  1882 
until  I  think  about  1888,  when  the  pipes  grew  too  small  for  the 
cables,  and  the  entire  structure  had  to  be  dug  up  and  a  new  one 
put  down.  I  think  Mr.  Jackson  has  don^  well  in  dividing  his 
subject  the  way  he  has  into  first,  conduits,  as  to  the  materials, 
and  then  going  through  the  several  details  of  conduits,  including 
manholes,  pipes  and  other  matters.  Of  course,  in  any  discussion 
on  underground  construction,  we  have  to  think  of  the  conduit 
first.  It  has  been  well  said,  I  think,  that  the  old  notions  that  in 
preparing  a  conduit  we  had  to  look  out  for  insulation,  were 
erroneous,  and  are  now  properly  obsolete. 

It  is  not  necessary,  I  conceive,  to  look  out  for  insulation  in  a 
conduit.  What  we  have  to  look  out  there  for  is  something  to 
protect  your  insulation,  namely,  a  protective  structure  which 
shall  take  care  of  the  cables  to  be  drawn  in.  At  one  time,  and 
not  so  very  far  distant  either,  a  number  of — electrical  cranks  I 
was  going  to  say,  and  I  do  not  mean  that  in  any  offensive  sense, 
because  it  is  the  crank  that  makes  the  wheel  so  round — the  num- 
ber of  underground  cranks  was  innumerable  and  one  of  the 
favorite  ways  in  which  conduits  were  to  be  made  was  to  have  a 
plastic  bituminous  concrete,  to  dig  a  trench  first,  to  stretch  un- 
<jovered  copper  wires  in  this  trench  and  then  to  pour  the  plastic 
concrete  over  it  to  harden.  The  concrete  sometimes  hardened 
and  sometimes  it  did  not.  But  when  it  hardened,  it  was  fre- 
quently found,  (and  this  I  know  from  my  own  experience),  that 
several  of  the  wires  which  had  been  stretched  in  the  coucrete  had 
hardened  too,  and  had  hardened  together  unfortunately,  so  that 
the  number  of  wires  in  that  conduit  was  reduced  from  about  40 
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to  about  4.  I  venture  to  say,  therefore,  that  the  lines  upon 
which  success  seems  to  have  been  attained  in  the  construction  of 
conduits,  at  least  for  telephone  wires,  are  either  the  closed  terra 
cotta  blocks  or  else  the  cement  lined  iron  pipe,  and  when  I  say 
this  I  do  not  mean  to  deprecate  at  all  the  iron  pipe  which  is  not 
cement  lined,  because  I  think  ttyere  is  a  great  deal  of  good  about 
good  iron.  One  difficulty  at  least  which  has  supervened  in  the 
terra  cotta  block  is  that  the  blocks  are  so  short  and  our  streets  so 
unstable  that  it  is  very  difficult  to  keep  those  blocks  in  alignment 
unless  very  great  care  indeed  is  taken  in  the  construction,  and  I 
wish  to  emphasize  here  what  the  two  former  speakers  have  them- 
selves emphasized,  and  that  is  that  success  in  construction  of 
underground  lines  is  to  be  made  by  a  constant,  unremitting  and 
persevering  attention  to  details  which  in  themselves  seem  trivial. 

1  was  brought  up  by  a  mechanical  engineer;  and  possibly  for 
that  reason  noticed  that  my  friend  Mr.  Jackson  spoke  of  man- 
holes. 

Among  my  other  duties  I  occasionally  when  a  boy  had  to  put 
rivets  into  boilers,  but  we  never  then  called  the  bouer^  the  man- 
hole.  We  always  called  the  place  where  we  go  into  the  boiler 
the  manhole,  and  I  ventnre  therefore  to  make  a  verbal  criticism 
upon  the  word  manhole  as  applying  to  the  vault  to  which  the 
manhole  leads,  but  I  quite  agree  with  everything  Prof.  Jackson 
said  about  the  necessity  of  the  ventilation  of  manholes,  and  the 
necessity  of  making  them  tight,  because  the  failure  to  make  such 
vaults  tight  has  been  a  cause  for  the  entry  of  gas  into  them  and 
of  consequent  explosions ;  and  that  by  the  way  is  not  new  with 
us,  since  our  British  brethren  found  it  out  and  had  the  same 
experience  many  years  ago. 

Another  difficulty,  and  one  which  I  refer  to  rather  sparingly 
and  hesitatingly  and  which  will  probably  be  referred  to  later  on, 
by  a  gentlemen  who  is  undoubtedly  better  adapted  to  deal  with 
it  than  myself,  is  the  constant  attack  upon  lead  covered  cables  of 
heavy  currents  which  come  to  the  earth  from  various  and  ex- 
traneous sources.  All  the  tin  alloy  in  the  world  will  not  "prevent 
such  attacks  upon  lead  covered  cables.  All  the  plastic  or  textile, 
covering  in  the  world  will  not  protect  such  lead  covering,  but, 
even  if  such  protection  were  possible,  1  think  it  likely  that  the 
constant  pumping  of  such  currents  into  the  earth  on  account  of 
their  deleterious  action  on  gas  and  water  pipes  will  ultimately 
have  to  be  deprecated  much  more  strongly  tnan  it  is  now.  If 
we  come  to  cables,  and  that  we  must  come  to  cables  I  agree  with 
the  author  of  the  paper,  or  else  the  gentleman  that  spoke  after  him 
— I  forget  which — who  said  that  the  important  work  of  the  con- 
struction was  the  drawing  in  of  the  cables ;  the  drawing  in  of  the 
cables  however  can  be  performed  much  more  successfully  than 
can  the  drawing  out  of  the  cables,  and  it  is  very  necessary  here 
that  we  should  remember  that  the  very  cable  which  is  put  down 
and  which  is  intended  to  do  good  practical  work  as  to  telephone, 
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telegraphy,  electric  light  or  electric  power,  not  only  requires  to 
have  good  electrical  properties,  but  it  ought  to  have  good  me- 
chanical strength ;  and  the  experience  of  some  years  teaches  me 
that,  for  telephone  work  at  least,  a  cable  covered  with  an  alloy  of 
tin  and  lead,  that  has  enough  lead  to  keep  it  stiff,  and  enough  tin 
to  keep  it  from  being  easily  damaged  by  the  influence  of  creosote 
or,  more  properly,  the  dead  oil  of  tar,  is  all  right.  One  of  the 
most  important  features  of  the  underground  construction  is  not 
so  much  in  laying  of  cables  down  and  building  conduits,  as 
in  the  construction  of  attachments  at  the  end  whereby  to  extend 
the  circuits  as  they  emerge  from  the  earth.  It  is  quite  necessary 
to  have  first  class  stuffing  boxes  that  the  cables  can  be  drawn  out 
without  damaging  the  construction  proper,  and  there  is  no  reason, 
I  think,  no  real  reason,  why  underground  cables  should  not  be 
continued  clear  up  to  the  place  in  which  they  are  to  be  used,  ex- 
cept, perhaps,  the  value  of  providing  testing  facilities  between 
the  earth  and  between  the  office  cable  and  between  the  switch- 
board  and  other  appliances  in  which  it  is  be  used. 

Mr.  I.  H.  Farnham,  of  Boston,  Mass.: — Mr.  Chairman  and 
gentlemen :  A  member  of  your  committee  told  me  yesterday 
that  he  would  like  me  to  mention  one  or  two  facts  which  we 
have  found  in  Boston  in  connection  with  this  subject  of  under- 
ground systems,  but  I  hardly  feel  as  if  we  could  ao  it  justice  in 
five  minutes,  although  I  will  give  you  what  I  can.  Allow  me 
first  to  mention  that  the  paper  which  has  been  a  very  interesting 
one,  does  not  name  among  other  large  underground  enterprises 
that  of  Boston.  As  a  matter  of  fact,  Boston  stands  only  the 
second  or  third  city  in  this  country  in  amount  of  underground 
work  accomplished.  I  have  brought  with  me  a  little  map  show- 
ing the  underground  system  of  Boston  proper,  that  is,  the  busi- 
ness part  of  the  city,  and  I  will  allow  any  one  who  is  interested 
to  look  at  it.  We  have  in  Boston  to-day  over  8,000  miles  of 
telephone  wire  under  ground. 

The  question  of  corrosion  of  the  cables  due  to  the  action  of  the 
railroad  current  which  I  am  to  speak  about  in  particular  is  one 
which  has  not  been  touched  upon  this  morning,  or  only  touched 
upon  by  Mr.  Lockwood,  and  one  which  certainly  is  interesting 
because,  if  we  put  our  cables  underground  and  we  find  th&t  in  a 
few  months  the  cables  are  destroyed,  certainly  we  have  met  some- 
thing quite  as  objectionable  as  the  destruction  of  wires  overhead, 
and  I  will  endeavor  in  five  minutes  to  give  you  an  outline  of 
what  we  have  discovered  there  and  the  method  taken  to  over- 
come the  trouble.  We  found  in  Boston,  the  power  house  of  the 
railroad  company  being  represented  by  this  mark,  (illustrating  on 
blackboard)  the  trolley  wires  came  at  first  from  the  negative  side 
of  the  dynamo  and  extended  out  over  the  city  and  were  of  course 
negative.  Now,  the  railroad  tracks  running  through  the  city 
might  be  represented  by  this  line  a.  Suppose  b  represents  a  car. 
The  current  in  this  case,  the  dynamo  being  grounded,  takes  the 
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direction  of  the  arrows  and  in  its  course  would  come  back  to  the 
dynamos  here,  traversing  through  the  rails  and  car,  to  the  trolley 
line  and  back  to  the  dynamo.  Now  as  we  all  know,  the  rails 
are  only  a  part  of  the  conductor,  the  earth  and  all  metal  conduc- 
tors in  the  earth  being  also  a  part  of  the  conductor,  although  the 
rails  are  reinforced  in  Boston  generally  by  iive  large  copper  wires 
about  the  size  of  a  piece  of  chalk  or  a  little  larger.  The  current 
flows  considerably  through  the  earth.  We  found  by  our  experi- 
ments that  a  portion  of  the  city  near  the  dynamo — as  we  might 
expect — gave  a  condition  in  which  the  earth  might  be  called 
positive  as  at  c,  but  all  over  the  city  except  near  the  station,  the 
earth  was  negative  to  its  normal  condition. 

The  telephone  cables  began  to  go  to  pieces  from  a  cause  not  at 
first  known ;  but  in  August,  1891,  attention  was  called  to  the 
fact  that  electrolytic  action  was  destroying  the  cables  in  places. 
That  little  map  (showing  a  map)  represents  the  city  of  Boston. 
One  of  the  power  houses  of  the  railroad  is  located  at  this  point 
(indicating  on  map),  and  we  found  by  measurement  that  all  of 
the  territory  through  the  city,  except  a  small  portion  near  the 
power  house,  indicated  negative  to  the  normal  condition  of  the 
earth  and  that  this  small  portion  here  (near  power  house)  was 
positive,  and  we  found  that  all  through  the  remaining  district 
the  underground  cables  were  positive  to  the  grounds.  Sow  it  is 
evident  that  where  electricity  leaves  the  cable  for  the  earth  elec- 
trolytic action  may  take  place,  and  as  I  have  stated  we  found  this 
condition  to  be  actually  true.  It  was  suggested  a  few  months 
after  this  discovery  that  the  railroad  circuit  be  reversed.  If  we 
make  the  trolley  wire  the  positive  side  and  the  ground  the  nega- 
tive side  of  the  dynamo  we  reverse  the  condition  of  things  in 
this  figure,  and  instead  of  having  a  large  portion  of  the  city  in 
which  the  cable  would  be  destroyed,  we  would  confine  it  to  a 
smaller  portion  near  the  power  house.  The  experiment  was 
tried,  the  trolley  wire  was  made  positive,  it  came  from  the  positive 
side  of  the  dynamo  and  the  earth  was  made  negative.  Now  of 
course  the  current  is  reversed.  The  current  came  out  over  the  line 
and  down  through  the  cars  and  into  the  ground  taking  the  same 
general  course  through  the  earth,  but  in  the  opposite  direc- 
tion, reaching  the  cables  at  all  points  remote  from  the  power 
house  and  leaving  them  in  the  territory  near  the  power  house. 
In  this  manner  the  destruction  of  the  cables  was  limited  to  por- 
tions of  the  city  near  the  power  houses.  This  (showing  a  second 
map)  is  the  6ame  map  drawn  after  that  change  was  made.  The 
larger  portion  of  the  city  was  then  free  from  electrolytic  action, 
because  the  cables  were  then  negative  to  the  earth  except  in  a 

Eortion  near  this  power  house  and  a  portion  near  another  power 
ouse  in  another  remote  section  of  the  city.  We  attempted  to 
remedy  the  trouble,  at  least  to  some  extent,  by  connecting  the 
cables  with  the  earth  by  running  a  wire  from  the  cables  to  a  ground 
plate  in  each  underground  apartment  for  the  carrying  of  the 
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cables,  but  this  did  no  good  whatever.  We  found  that  with  a 
good  ground  plate  in  a  moist  manhole  the  cable  measured  about 
as  many  volts  above  zero  as  without  the  ground  plate  connected. 
Mr.  Pearson,  of  the  West  End  Railway  Company,  suggested  that 
a  heavy  copper  wire  be  connected  at  the  power  station  with  the 
grounded  or  negative  side  of  the  dynamo,  and  that  this  wire  be 
extended  out  from  the  power  station  and  be  connected  to  our 
cables  in  the  district  where  the  corrosion  was  taking  place.  This 
experiment  was  tried  by  running  out  a  wire  or  bundle  of  wires 
about  seven-eights  of  an  inch  in  diameter.  This  conductor  was 
connected  with  the  positive  side  of  the  dynamo  and  extended 
through  the  district  in  which  the  cables  were  positive  to  earth. 
In  every  manhole  the  cables  were  united  to  this  return  wire,  and 
that  has  materially  reduced  the  amount  of  current  which  is  passing 
from  cables  to  earth.  Indeed,  excepting  in  some  small  portions 
of  the  city,  this  has  remedied  the  trouble  at  least  for  tne  time 
being.  It  may  be  an  interesting  fact  that  notwithstanding  the 
five  Targe  wires  which  are  run  through  the  streets  in  connection 
with  the  rails  of  the  railway  system  in  Boston,  and  in  addition 
large  return  feeder  wires  which  are  placed  overhead ;  there  is  yet 

Eassing  from  our  telephone  cables  to  this  return  wire,  which  I 
ave  described,  hundreds  of  amperes  of  current  at  a  low  voltage. 
The  main  return  wire,  which  is  seven-eighths  of  an  inch  in  dia- 
meter and  is  copper,  is  heated  perceptibly  warm  to  the  hand  by 
the  amount  of  current  which  it  takes  back  to  the  station.  Illus- 
trating the  rapidity  with  which  cables  have  been  corroded,  one 
covered  with  asphaltum,  which  was  supposed  to  thoroughly  in- 
sulate it,  was  corroded  entirely  through  in  the  space  of  two 
months ;  even  before  the  cable  bad  been  put  into  actual  use,  the 
lead  covering  had  entirely  been  destroyed  in  places  by  the  elec- 
trolytic action.  I  think  this  is  all  I  can  give  you  in  the  time  that 
has  been  alio  ted  to  me. 

Mr.  A..  W.  Heaviside  of  London,  England : — Mr.  Chairman 
and  gentlemen  :  I  am  tempted  to  say  a  few  words  on  this  occa- 
sion on  account  of  the  great  emphasis  that  has  been  given  by  pre- 
vious speakers  to  one  ot  the  difficulties  that  prevails  in  drawing 
out  cables  in  the  drawing  in  and  drawing  out  system.  Mr.  Lock- 
wood  touched  the  crucial  point,  it  seems  to  me,  when  he  said  that 
the  chief  thing  was  entirely  the  importance  of  detail.  Now,  we 
find  with  a  very  extensive  drawing  in  and  drawing  out  system, 
that  if  we  take  very  great  care  in  details,  in  having  our  pipes  laid 
in  short  lengths,  in  perfectly  straight  lines,  straight  in  plan  and 
straight  in  section,  tnen  you  have  no  difficulties,  but  where  once 
you  introduce  curves,  either  lateral  or  horizontal  then  your  dif- 
ficulties arise  and  nearly  every  case  where  we  could  not  draw 
cables  and  have  dug  up  our  pipes,  we  found  that  to  be  the  cause 
of  difficulty,  What  I  mean  to  express  in  this  (drawing  diagram 
on  the  blackboard).  Imagine  that  the  surface  of  the  ground. 
Your  pipe  must  be  thii6 ;  that  is  to  say  this  is  a  section  of  the 
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? 'round.  Now  looking  at  the  next  point  it  will  be  another  abso- 
ntely  straight  line  ana  your  next  point  another  absolutely  straight 
line.  I  do  not  mean  to  saj  that  those  are  straight  lines,  but  if 
you  understand  the  principle,  then  the  relation  will  be  readily 
understood.  You  must  have  absolutely  straight  lines  from  point 
to  draw  point.  Then  there  is  another  point.  It  is  absolutely 
necessary  that  your  system  should  be  as  hermetically  sealed  as  it  is 
possible.  Your  joints  must  be  as  perfect  as  you  can  make  them 
all  the  way  through,  and  your  junction  boxes  at  the  points  of 
junction  must  be  as  hermetically  sealed  as  possible  from  gas  or 
from  anything  else  getting  into  them.  You  must  keep  a  uniform 
atmosphere  within  your  pipes  and  you  must  keep  them  clean  and 
quite  impervious  to  the  atmosphere  if  it  is  possible.  Well,  then,  I 
might  after  having  made  that  point  speak  of  a  system  of  under- 
ground electric  light  distribution  which  exists  in  N  ewcastle  which 


plan 
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partly  depends  for  success  upon  hermetically  sealing  and  I  think 
has  some  features  of  novelty  in  the  way  in  which  the  cables  are 
dealt  with  at  the  points  of  junction  and  at  the  distributing  points, 
and  that  is  this.  There  is  a  2000  volt  distribution.  Concentric 
cables  are  used  from  point  to  point  and  at  the  junction  boxes 
these  concentric  cables  are  barea  and  placed  upon  porcelain  insu- 
lators. Each  insulator  is  so  fitted  with  terminals  that  it  practi- 
cally becomes  a  test  box,  and  at  any  point  you  can  sub-divide  your 
system  all  over  the  city  and  distribute  or  rearrange  your  circuits 
according  to  circumstances,  as  for  instance  some  imperfect  cables 
burnt  themselves  out  and  also  their  neighbors.  Well,  in  order  to 
make  that  repair  right  and  distribute  over  ten  miles  of  pipes 
through  the  city,  in  an  ordinary  way,  under  the  most  expeditious 
systems  that  you  could  devise,  it  would  take  24  hours ;  but  we 
fortunately  had  an  alternative,  another  way  round,  and  therefore 
they  immediately  went  to  these  distributing  boxes,  rearranged  the 
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connections  and  the  whole  service  was  resumed  in  this  way,  and 
the  lights  were  not  out  more  than  one  hour.  Well,  the  novelty 
naturally  would  be  the  method  of  insulation,  and  as  I  know  your 
nation  is  exceedingly  practical  I  have  brought  one  of  these  por- 
celain insulators  wnich  will  speak  for  itself  lar  more  forcibly  tnan 
I  could  in  words. 

Mb.  De  Camp,  of  Philadelphia : — The  only  reason  I  want  to 
say  anything  is  because  I  have  not  had  any  experience.     I  sup- 

Fose  I  will  have  in  a  little  while.  I  have  two  or  three  questions 
would  like  to  ask  and  if  any  of  these  questions  are  out  of  order 
by  reason  of  having  been  answered  in  the  original  paper,  I  will 
rely  on  that.  1  was  not  here  in  time  to  hear  the  paper  read. 
Mr.  Lockwood,  in  referring  to  the  material  used  in  conduits, 
spoke  of  the  glazed  terra  cotta,  of  which  I  have  some  knowledge 
though  nothing  practical. 

I  would  like  to  ask  a  question  here,  which  I  presume  almost 
any  one  can  answer,  and  that  is,  what  are  the  merits  or  demerits, 
of  creosoted  wood  which  has  no  doubt  been  used  quite  exten- 
sively as  any  other  material.  Another  point  is,  the  action  of  cur- 
rents on  lead  covered  cables  or  any  other  metallic  covering.  The 
next  query  is  the  difficulty  of  pulling  a  number  of  wires  in  or  out 
of  a  single  conduit.  On  this  point  I  have  had  some  experience, 
and  that  experience  has  been  that  it  was  not  an  impractical  thing 
to  pull  a  given  number  of  wires  and  proportionately  a  very  large 
number  01  wires  into  a  single  conduit.  It  was  not  a  very  dim- 
cult  thing  to  pull  any  one  of  those  additional  wires  out  individ- 
ually. It  was  a  very  difficult  thing  and  well  nigh  impossible  to 
replace  that  single  wire  back  among  its  fellows.  However,  if 
that  could  be  successfully  accomplished  in  two  or  three  cases  it 
so  affected  those  wires  that  was  the  end  of  all  of  them  for  all  time 
to  come,  unless  the  whole  body  was  taken  out.  Furthermore, 
after  a  bunch  of  wires  was  left  in  the  conduit  for  any  length  of 
time  either  by  some  action  of  the  conduit,  which  was  iron,  it  was 
almost  an  impossibility  to  draw  them  out.     From  that  little  ex- 

f>erience  my  own  judgment  at  this  time  is  for  wires  that  are  at  all 
ikely  to  be  replaced  and  taken  out  for  any  purpose  or  other,  that 
it  is  necessary  to  confine  yourself  to  a  conduit  containing  one 
wire,  and  with  that  in  view  what  work  I  am  doing  now  is  done  in 
that  line.  There  is  one  point  that  I  am  very  much  interested  in 
because  I  am  responsible  for  the  investment  of  a  considerable 
amount  of  money  in  that  line,  and  if  any  one  here  can  state  for 
a  fact  that  it  is  impossible  to  pull  in  a  three-quarter  inch  cable 
into  an  inch  and  a  quarter  duct  in  lengths  of  500  feet  I  want  to 
hear  from  them  on  this  subject.  There  is  another  point  which  I 
think  every  one  is  interested  in,  and  which  I  apprehend  there 
will  be  some  difficulty  in  answering,  and  that  is  the  effect  of  the 
current  on  this  outer  covering  which  we  relied  upon  to  protect 
our  insulation  from  moisture  and  mechanical  in  juries  and  so  forth. 
The  nearest  that  I  can  get  to  it,  independent  of  the  expense  of 
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putting  it  into  the  cables,  but  bare  cost  of  the  cable  itself,  will  be 
a  matter  of  some  $1,000  or  $1,200  a  mile.  If  that  cable  by  rea- 
son of  this  action  of  the  current,  is  going  to  be  destroyed  in  one, 
two  or  three  years,  it  becomes  a  very  serious  matter.  It  becomes 
a  serious  matter  if  it  is  to  be  done  in  ten  years.  I  believe  it  is  ac- 
cepted that  an  electrical  current  conducted  through  a  copper  wire 
of  sufficient  size  has  of  itself  no  deleterious  effect  upon  insulation. 
I  have  however,  heard  it  asserted  that  where  such  insulated  con- 
ductor is  encased  in  lead,  there  is  an  action  set  up  between  the 
lead  and  the  copper  conductor  which  has  a  tendency  to  destroy 
or  seriously  effect  the  insulation. 

These  are  points  which  I  think  are  practical  ones  and  I  would 
be  very  glad  to  hear  them  answered,  and  I  have  no  doubt  several 
others  present  who  are  holding  positions  similar  to  my  own  would 
be  glad  to  hear  them. 

Mr.  George  W.  Blodgett,  of  Boston,  Mass.: — Mr.  Chairman : 
I  did  not  intend  to  discuss  this  paper,  but  1  might  mention  one 
or  two  facts  whtch  I  think  will  be  of  interest.  The  superinten- 
dent of  the  Western  Union  Telegraph  Company,  in  Boston,  told 
me  of  a  difficulty  which  that  company  had  experienced  in  conse- 
quence of  the  street  railway  currents  which  I  thought  you  would 
like  to  know.  That  company  had  quite  a  large  office  in  Bangor, 
Me.,  with  wires  grounded  in  the  usual  way  of  Western  Union 
Telegraph  circuits,  which  after  the  electric  street  cars  were 
started  gave  them  a  great  deal  of  difficulty,  and  they  resorted  to 
various  expedients  to  overcome  the  trouble.  They  tried  ground- 
ing the  wires  in  the  middle  of  the  Penobscot  river,  which  as 
many  of  you  know  is  a  large  stream,  but  while  there  was  con- 
siderable improvement  this  was  quite  inadequate,  and  they  were 
obliged  to  go  seven  miles  out  of  Bangor  in  order  to  ground  their 
circuits  and  be  able  to  work  the  telegraph  lines.  He  also  told 
me  that  in  Portland,  Me.,  they  had  experienced  a  great  deal  of 
difficulty  from  the  same  cause,  and  at  one  time  they  were  obliged 
to  disconnect  their  batteries  from  the  line,  and  used  the  telegraph 
between  Portland  and  New  York  by  the  leakage  current  from 
the  trolley  wire  alone. 

In  answer  to  one  of  the  questions  which  Mr.  DeCamp  raised 
I  can  state  some  of  my  experience  for  ten  years  or  more,  in  draw- 
ing wires  into  and  out  of  iron  pipes  for  electrical  signaling  appa- 
ratus. I  have  found  it  always  impossible  to  draw  one  wire  out 
of  a  pipe  and  replace  it  with  a  new  one  with  any  satisfaction. 
The  wav  in  which  we  are  obliged  to  do  that  (if  a  wire  i6  to  be 
replaced)  is  to  draw  the  whole  bunch  of  wires  out  of  the  pipe, 
insert  a  new  one  in  place  of  that  which  is  damaged,  and  then  re- 
place the  whole  lot  in  the  pipe.  That  can  be  done  without 
serious  injury,  and  leave  the  wires  nearly  as  good  as  the  original 
construction.  That  I  have  done,  sometimes  even  filling  the  pipe 
practically  full  of  wires,  so  that  to  draw  them  in  was  quite  diffi- 
cult, but  not  in  very  long  lengths.     Where  a  long  length  is  re- 
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quired  I  have  sometimes  done  the  work  successfully  by  leaving 
tne  pipe  disconnected  in  short  sections,  and  with  couplings  in 
position  to  connect  the  pipe,  and  then  draw  the  wires  through 
one  of  the  sections  at  a  time,  and  couple  up  the  pipe  after  the 
wires  are  in.  Considerable  difficulty  is  often  found  from  bure 
and  sharp  points  in  iron  pipes,  due  to  carelessness  or  imperfec- 
tion in  its  manufacture,  so  that  it  is  necessary  to  inspect  all 
wrought  iron  pipes  quite  carefully  if  they  are  to  be  used  for  this 
purpose,  and  also  to  remove  burs  at  the  ends  where  the  different 
sections  are  screwed  together. 

The  chairman  then  called  on  Mr.  T.  D.  Lockwood  to  close  the 
discussion. 

Mb.  Lockwood  : — I  had  no  intention  of  arrogating  to  myself 
that  honor,  Mr.  Chairman,  and  I  think  the  discussion  has  largely 
closed  itself,  because  every  one  of  us,  Mr.  Jackson  included,  has 
fully,  I  am  sure,  appreciated  the  importance  of  sticking  close  to 
a  text,  which  we  have  not  had  the  opportunities  of  opening  our 
bibles  to  examine,  to  see  whether  the  minister  is  really  giving  us 
the  facts.  That  could  not  be  helped  by  Prof.  Jackson,  and  we 
shall  have  an  opportunity  to  remedy  it  at  our  leisure  when  we 
see  the  paper  in  print,  but  I  wish  for  myself  in  conclusion  simply 
to  answer  the  very  first  of  the  questions  propounded  by  Mr. 
DeCamp,  which  if  I  remember  rightly  was  this — what  are  the 
merits  or  demerits  of  a  wood  conduit  ?  In  reply,  I  say  (as  an 
experience  of  15  years  enables  me  to  6ay)  that  a  wood  conduit 
has  no  merit,  and  that  the  wood  conduit  is  one  tremendous 
demerit :  It  lias,  it  is  true,  one  apparent  merit,  namely,  that  of 
cheapness.  I  most  strenously  object  to  any  consideration  of 
cheapness  as  a  merit  in  anything.  It  is  true  that  we  frequently 
confine  the  two  terms  cheapness  and  economy,  but  I  desire  to 
say,  and  I  should  like  to  say  it,  because  I  believe  a  man  ought  to 
do  his  duty,  even  though  he  were  dying,  that  it  is  never  economy 
to  do  cheap  work. 

The  Chairman  then  introduced  Dr.  J.  Sahulka,  of  Vienna, 
who  read  the  following  paper  on  "  Various  Uses  of  the  Electro- 
6tatic  Voltmeter." 


VARIOUS  USES   OF  THE  ELECTROSTATIC 

VOLTMETER. 


BY  DR.  J.  8AHULKA,  OF  VIENNA,  AU8TRIA. 


In  the  paper  I  intend  to  read  before  you,  I  shall  communicate 
some  measurements  made  with  an  Electrostatic  Voltmeter,  es- 
pecially the  measurement  of  the  capacity  of  condensers,  whfch 
are  inserted  in  an  alternating  current  circuit. 

The  great  advantages  of  the  electrostatic  voltmeters  in  com- 
parison with  other  voltmeters,  especially  when  using  alternating 
currents,  are  well  known.  They  require  almost  no  current ;  the 
readings  are  not  influenced  by  the  temperature  and  by  the  neigh- 
borhood of  magnetic  bodies ;  by  enclosing  the  electrostatic  volt- 
meter in  a  metallic  shell,  it  can  also  not  be  influenced  by  electric 
bodies  in  the  neighborhood.  The  excellent  instruments  invented 
by  Sir  W.  Thomson  are  well  known.  They  contain  a  fixed  and 
a  movable  system.  In  the  multicellular  type  the  fixed  system  is 
formed  by  a  number  of  pairs  of  quadrants.  The  movable  sys- 
tem consists  of  an  equal  number  of  needles  placed  between  the 
quadrants  and  suspended  on  a  thin  wire,  (Fig.  1.)  If  the  differ- 
ence of  potential  between  two  points  is  to  be  measured,  the  mov- 
able system  and  the  metallic  shell  enclosing  the  instrument  is 
connected  with  the  one  point,  the  fixed  system  with  the  other 
point.  The  movable  system  is  thus  deflected  ;  a  pointer,  which 
is  connected  with  the  system,  enables  direct  reading. 

The  electrostatic  voltmeters  are  generally  used  only  for  meas- 
uring potentials.     They  can  also  be  used  for  other  purposes. 

I  wish  firstly  to  examine,  how  small  is  the  current  traversing 
6iich  an  instrument,  when  measuring  an  alternating  potential  dif- 
ference with  it,  and  how  great  is  the  capacity  of  the  instrument. 
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That  could  not  be  done  with  any  of  the  known  methods,  the 
charging  current  and  the  capacity  being  very  small.  The  instru- 
ment I  used  was  a  multicellular  voltmeter  of  Sir  W.  Thornton, 
range  80  to  400  volts ;  but  the  scale  intervals  are  only  between 
120  and  220  volts,  large  enough  to  enable  an  exact  reading.  In 
order  taget  a  suitable  difference  of  potential,  I  transformed  the 
alternate  current  supplied  by  an  Electric  Central  Station,  having 
2500  full  periods  per  minute,  and  a  potential  difference  of  about 
105  volts,  in  the  ratio  of  1  :  2  by  a  step-up  transformer.  The  po- 
tential difference  e  between  the  terminals  of  the  secondary,  was 
now  measured  with  the  electrostatic  voltmeter.  Afterwards  a 
great  graphite  resistance  r,  having  no  capacity  and  no  self-induc- 
tion, was  connected  in  series  with  the  instruments.     The  volt- 


Fio.  l. 

meter  indicated  now  a  smaller  potential  difference  e.  As  the 
voltmeter  is  a  small  air-condenser,  the  phase  of  the  potential- 
difference  e,  corresponding  to  the  same,  must  be  90°  behind  the 
phase  of  the  charging  current  e,  whilst  the  potential  difference 
e2  corresponding  to  the  resistance  r,  coincides  in  phase  with  the 
current  c.     (Fig.  2).     We  have  therefore 

e=    Vef  +  ef, 
e  and  e^  being  known,  e2  can  be  determined ;  we  know,  therefore, 

also  the  charging  current  c  - .     If  the  number  n  of  periods  per 

r 

second  is  known,  we  can  also  count  the  capacity  iT  of  the  volt- 
meter, for  the  equation  must  hold  : 

c  =  2  7r  n  e !  K .  (1.) 
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The  alternating  current  has  2500  fall  periods  per  minute; 
therefore  we  have  to  substitute : 

p  =  2  n  7T  =  262. 

In  the  Table  I.  are  contained  the  results,  which  had  been  ob- 
tained with  the  voltmeter  mentioned  before.  The  values  in  the 
column  r,  are  given  in  megohms,  the  values  of  e,ex,e^  in  volts ; 
the  unit  of  C  is  one  millionth  of  an  ampere ;  the  unit  of  JTis  one 
millionth  of  a  microfarad.  In  the  last  column  r,  are  given  the 
relative  impedances  Of  the  voltmeter  expressed  in  meghoms. 

TABLE  I. 


T 

e 

«1 

U 

C 

K 

'I 

11.05 
20.78 

33-»* 
41.90 

53.40 

207.2 
207.6 
207.6 
207.9 
208.0 

195.3 
X77.X 
X54.6 

»40-3 
124.4 

69.2 
108.3 
138.6 

*53-4 
166.7 

6.26 
5.21 
4.18 
366 
3-i8 

122. 

XX2. 

XO3. 
99.6 
97.6 

31.3 

34-o 
370 
383 
39.x 

t  A- 


Fig.  2. 


Pig.  4. 


The  results  are  represented  graphically  in  the  diagram  (Fig.  3). 
The  abscissae  represent  the  number  of  volts  indicated  by  the  in- 
strument ;  the  ordinate  of  the  curve  c  represent  the  charging 
current,  the  unit  being  equal  to  one  ten-millionth  of  an  ampere ; 
the  ordinate  of  the  curve  k  represents  the  capacity  K,  the  unit 
being  equal  to  one  millionth  of  a  microfarad.  It  is  striking  how 
small  the  charging  current  and  the  capacity  of  the  instrument  is. 
The  capacity  is  greater  for  higher  values  of  eu  than  for  lower 
values,  as  the  movable  system  of  the  voltmeter  is  more  deflected 
towards  the  fixed  system.  If  there  is  no  potential  difference 
between  the  terminals  of  the  instrument,  its  capacity  has  its  small- 
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est  value.  Should  the  instrument  be  arranged  in  such  a  way, 
that  the  movable  system  would  always  be  brought  back  to  its 
zero  position  by  the  aid  of  a  torsion  head,  then  the  capacity  of 
the  instrument  would  be  constant,  the  scale  could  then  be  spread 
over  the  whole  circumference,  whilst  in  the  present  shape  the 
deflection  is  always  less  than  90  degrees. 

If  the  diagram  (Fig.  3)  would  have  been  plotted  for  any  elec- 
trostatic voltmeter,  this  instrument  could  be  used  for  measuring 
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Fig.  3. 


great  resistances,  which  have  no  capacity  and  self-induction,  and 
are  of  the  same  range  like  the  impedance  of  the  instrument. 
The  resistances  have  to  be  arranged  in  series  with  the  voltmeter. 
As  the  alternating  current,  which  traverses  an  electrostatic 
voltmeter,  is  exceedingly  small,  this  instrument  might  be  usefully 
employed  for  the  indirect  measurement  of  the  intensity  of  the 
magnetic- field  of  converters  or  electromagnets^  which  are  excited 
by  alternating  currents.     It  is  only  necessary  to  wind  around  the 
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core  a  sufficient  number  of  turns  of  thin  wire,  and  to  connect  its 
ends  with  the  voltmeter.  As  the  instrument  requires  almost  no 
current,  the  magnetic  field  of  the  core  is  not  influenced  by  meas- 
uring it  with  the  voltmeter. 

The  electrostatic  voltmeter  can  also  be  applied  very  usefully 
for  measuring  the  capacity  of  condensers^  which  are  inserted  in 
an  alternating  current  circuit.  I  used  for  this  purpose  a  method 
which  is  similar  to  that  applied  by  Toubert  for  measuring  the 
co-efficients  of  self-induction.  I  placed  in  series  with  the  con- 
denser a  non-inductive  resistance  /•,  its  capacity  being  negligible. 
The  resistance  r  may  be  of  the  same  range  as  the  impedance  of 
the  condenser.  For  every  condenser  a  suitable  resistance  r  can 
be  chosen.  With  the  electrostatic  voltmeter  there  may  be 
measured  the  total  difference  of  potential  0,  then  eA  correspond- 
ing to  the  condenser,  and  e2  corresponding  to  the  resistance  r. 
If  the  condenser  is  an  air-condenser,  and  if  the  frequency  of  the 
alternating  currents  is  low,  then  a  rectangular  triangle  can  be 
designed  (Fig.  2),  of  which  the  hypothenuse  is  equal  to  e,  and  the 
sides  equal  to  ex  e2.  Now  if  the  condenser  has  a  solid  dielectric, 
then  e  is  no  longer  90  degrees  behind  in  phase  with  the  charging 
current  c,  but  by  a  smaller  angle  a  (Fig.  4).  The  potential  differ- 
ence 3j  coincides  in  phase  with  the  current  c.  The  condenser 
placed  in  the  alternating  current  circuit  absorbs  energy,  for 
which  loss  Mr.  Steinmetz  has  found  the  law,  that  loss  of  energy 
causes  a  heating  of  the  condenser.  We  must  conclude  that  the 
capacity  of  the  condenser  is  not  constant,  but  varies  in  every 
moment  during  one  period  like  the  co-efficient  of  self-induction 
of  an  electromagnet.  In  the  same  way,  as  special  definitions  are 
chosen  for  the  intensity  of  currents  and  the  electromotive  force 
in  alternating  current  circuits,  we  have  also  to  define,  what  may 
be  considered  as  the  capacity  kh  of  a  condenser,  which  is  inserted 
in  an  alternating  current  circuit.  That  could  be  done  in  the  fol- 
lowing way : 

The  apparent  resistance  (impedance)  of  the  condenser,  that  is, 
the  ratio  of  ev  to  £,  must  be  equal  to  the  reciprocal  of  2  tz  n  times 
K.  The  definition  agrees]with  the  formula  (1).  In  the  Table  II 
are  given  some  results  obtained  with  condensers  having  paraffined 
paper  as  dielectric ;  K  is  the  capacity  measured  with  a  continuous 
current  electromotive  force  in  the  well  known  way,  by  observing 
the  deflection  of  a  galvanometer  needle,  the  unit  of  the  values  K 
being  one  microfarad.     The  resistance  r  placed  in  series  with  the 
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condenser  is  given  in  ohms,  e,  ex ,  e%  are  the  observed  potential- 
differences  in  volts,  the  unit  of  the  current  c  is  one  ampere,  the 


value  of  JTis  equal  to 


and  coufd  be  taken  as  the  capa- 


2  7T  n  et 

city  of  the  condenser,  when  placed  in  the  alternating  current 
circuit ;  the  unit  of  Kx  is  also  one  microfarad.  There  was  calcu- 
lated also  the  angle  of  lag  a  according  to  the  formula 

cos  a  =  f fi ^., 

2  eL  e^ 

and  the  energy  absorbed  by  the  condenser,  according  to  the  well 
known  method  of  Prof.  Ayrton.  This  energy  is  named  Wy  and 
is  given  in  watts : 

W  exc  cos  a. 

In  the  table  are  also  calculated  the  values  of  c  and  Ky  according 
to  the  formula, 

-  cos  C. 

c 

ex    .           1 
-1  sin  - = 

c         2  n  n  K^ 

The  condenser  having  a  solid  dielectric  behaves  like  an  air 
condenser  having  the  capacity  K  and  being  connected  in  series 
with  a  resistance  C.  The  quantity  K%  may  be  considered  as  the 
effective  capacity  of  the  condenser.  I  deem  it  useful,  to  calcu- 
late the  effective  capacity  K2  of  a  condenser  and  the  loss  of 
energy,  which  is  caused  at  a  certain  difference  of  potential  and  a 
given  number  of  full  periods  per  second. 


TABLE  II. 


K 

r 

e 

«i 

*a 

e 

Kx 

a 

w 

c 

I 

*.  i 

2TT7lK2 

1.004 
1.004 
1.0  4 
1.004 

4000 
500  i 
6000 
7000 

9000 
2000 

206  9 
2068 
207.5 
207.4 

147.8 
112.0 
120. 1 
107.5 

135a 
149.2 

161. 1 
170.0 

0.0328 
0.0298 
0.02C9 
0.0243 

O.873 
O.862 
O.855 
O.863 

O.440 

2.244 

86°  9' 

85°3«; 
86°  a* 

85°59' 

0336 
0.308 

0.234 

0.183 

346.6 
309.1 
309-7 

4303 
4416 

4454 
44*3 

i 

0.875  , 
0.864 
0.857 
0.865 

0.514 
2.618 

207.6 
207.1 

139-7 
129.8 

145.3 
152.5 

0.0161 
00763 

87°3o' 
85°58' 

0.137 
0.697 

5*7.9 
XI9.7 

8661 
1697 

0,441 

2.249 

As  the  value  of  the  cos  a  is  calculated  from  a  difference  of 
nearly  equal  numbers,  it  is  not  quite  exact ;  therefore  also  the 
value  of  the  absorbed  energy  is  not  very  exact.   Should  the  value 
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of  a  and  the  absorbed  energy  be  measured  more  exactly,  every 
single  experiment  has  to  be  repeated  several  times,  in  order  to 
get  average  values.  The  table  II.  has  been  calculated  only  from 
single  experiments.  If  the  alternating  generator  runs  with  a 
constant  speed  the  variation  of  K%  is  less  than  one  per  cent. 

If  we  compare  the  values  of  J5T8,  corresponding  to  the  three 
condensers,  taking  and  average  value  of  the  four  first  experi- 
ments, we  find  the  same  ratio  (1  :  0.51  :  2.60)  that  have  the 
values  of  K\  but  the  valves  of  K2  are  less  by  H  per  cent,  than 
the  corresponding  value  of  K.  We  conclude  from  that,  that  the 
condensers  with  a  solid  dielectric  have  a  smaller  capacity  when 
placed  in  an  alternating  current  circuit,  than  when  they  are 
charged  with  a  continuous  current  electromotive  force.  Only 
the  air  condensers  will  not  show  such  a  difference.  The  cause 
of  this  remarkable  fact  is  to  be  found  in  the  behavior  of  the 
dielectric.  The  dielectric  absorbs  in  spite  of  its  great  ohmic 
resistance,  a  certain  amount  of  electric  energy  during  the  charging 
process.  During  the  discharge  a  part  of  this  energy  is  given 
back,  the  other  part  has  been  changed  into  heat.  Therefore  we 
get,  when  connecting  a  condenser  with  a  direct  current  electro- 
motive force,  a  too  great  deflection  of  the  galvanometer  needle, 
as  we  measure  not  only  the  electricity  which  is  stored  in  sheets 
of  the  condenser,  but  also  the  electricity  absorbed  by  the  dielec- 
tric. In  the  same  way  we  get  a  too  great  deflection  of  the 
galvanometer  needle,  when  discharging  the  condenser,  as  the 
dielectric  gives  back  a  certain  amount  of  the  absorbed  energy. 
When  using  alternating  currents,  the  charge  and  discharge  is 
finished  in  a  very  short  time,  namely,  in  the  half  part  of  a  period. 
The  dielectric  has  not  sufficient  time  to  absorb  60  much  energy, 
as  when  connected  with  a  continuous  current  electromotive  force 
of  the  same  size.  During  the  discharge  it  gives  back,  therefore, 
also  less  electric  energy.  That  is  the  cause  why  the  condensers 
have  a  smaller  capacity,  when  inserted  in  an  alternating  current 
circuit.  The  capacity  will  also  be  influenced  by  the  number  of 
full  periods  per  second. 

Considering  the  values  of  the  absorbed  energy  W  in  the  four 
first  experiments,  which  belong  to  the  same  condenser,  we  find 
them  in  good  agreement  with  the  law  of  Mr.  Steinmetz.  Accord- 
ing to  this  law  the  losses  are  proportionate  to  the  squares  of  the 
potential  differences,  and  should  therefore  be  equal  to  0.352, 
0.281,  0.232,  0.186. 
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I  measured  in  tbe  same  way,  as  it  had  been  explained  before, 
the  capacity  of  Leyden  jars,  but  in  this  case  it  was  necessary  to 
connect  the  Leyden  jars  in  series  with  a  graphite  resistance  of  one 
megohm.  As  the  electrostatic  voltmeter  has  an  impedance  of  30 
to  40  megohms,  the  current  passing  through  it  could  no  more  be 
neglected  if  the  capacity  of  the  Leyden  jars  had  to  be  calculated 
exactly.     That  makes  the  calculation  more  complicated. 

Very  small  Leyden  jars,  which  had  the  capacity  of  the  same 
range,  like  the  electrostatic  voltmeter,  were  connected  in  series 
to  the  voltmeter.  The  potential  differences  ex  and  e%  of  the  Leyden 
jar  and  the  voltmeter  have  nearly  the  same  phase  and  are  in- 
versely proportional  to  the  capacities  of  these  instruments; 
therefore  the  capacity  of  the  Leyden  jar  can  be  calculated  very 
easily. 

I  hope  the  method,  that  I  explained,  will  be  suitable  to  measure 
the  true  capacity  and  the  loss  of  energy  of  condensers  and  con- 
centric cables,  which  are  inserted  in  alternating  current  circuits. 


There  being  no  discussion  of  Dr.  Sahulka's  paper,  the  Chair- 
man then  introduced  Mr.  Louis  B.  Marks,  who  read  the  following 
paper  on  "  A  New  Incandescent  Arc  Light." 


A  NEW  INCANDESCENT  ARC  LIGHT. 


BY  LOUIS  B.  MARKS,  M.  K.,    OF   NEW   YORK. 


Electrical  literature  is  replete  with  studies  of  the  incandescent 
lamp  as  a  source  of  artificial  illumination ;  the  performances  of 
arc  lights  under  a  great  variety  of  conditions  have  also  been  pub- 
lished from  time  to  time.  But  the  subject  of  the  so-called  incan- 
descent arc,  singularly,  has  received  little  or  no  attention. 

In  view  of  this  fact  it  has  seemed  desirable  to  report  at  once, 
on  a  series  of  investigations,  which,  though  still  incomplete,  have 
disclosed  some  remarkably  interesting  and  important  phenomena 
with  reference  to  a  new  form  of  incandescent  arc  light.  The  ex- 
periments have  been  earned  on  far  enough  to  demonstrate  that 
the  source  of  the  illumination  is  sal  generis.  While  possessing 
the  main  characteristics  of  the  ordinary  arc,  it  is  also  akin  to  the 
incandescent  light,  and  may  be  said  to  constitute  a  mean  between 
these  two. 

The  Typical  Incandescent  Arc. 

The  incandescent  arc  has  been  described  as  one  in  which  the 
"two  electrodes  are  in  imperfect  contact,"  the  current  thereby 
meeting  with  a  high  resistance  and  producing  heat  effects,  which 
manifest  themselves  in  the  incandescence  of  one  electrode  and 
the  formation  of  a  number  of  very  small  arcs  between  the  un- 
even parts  of  the  electrodes  in  contact.* 

On  this  principal,  Reynier,  Werdermann,  Joel,  Tommasi  and 
others  constructed  lamps  years  ago,  but  for  well  known  reasons 
none  of  these  "  semi-incandescent "  lamps,  as  they  were  called 
found  much  practical  application.     The  Sun  lamp  of  Clerc  and 

*    Julius  Maier  ;   Arc  and  Glow  Lamps  :   p.  263. 
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Bureau  was  s  modification  of  the  others,  the  arc  impinging  on 
the  surface  of  a  block  of  marble  or  condensed  magnesia  between 
the  tips  of  the  electrodes.  In  this  form  there  was  a  rapid  waste 
of  the  non -conducting  substance  interposed,  and  a  diminution  in 
the  efficiency  of  the  light. 

The  New  Incandescent  Arc. 
The  incandescent  arc  to  be  treated  of  in  this  paper,  differs 
radically  from  any  of  the  forms  alluded  to  above.  In  it,  the 
electrodes  are  not  in  contact,  while  the  current  is  indirectly  used 
in  maintaining  all  the  products  of  disintegration  of  the  carbon  in 
a  state  of  incandescence  or  op! " 


Plate  A  shows  the  main  features  of  the  appurtenance.  It 
will  be  seen  that  the  arc  is  enclosed  in  a  small  envelope,  which 
is  made  of  highly  refractory  glass.  The  envelope  is  closed  at  the 
l>ottoin  and  provided  on  top  with  a  metal  plug  having  an  opening 
in  it  just  large  enough  to  admit  of  the  feed  of  the  upper  electrode. 
A  fire-plug  of  asbestos-pulp  insulates  the  metal  from  the  glass. 
A  valve  shown  in  the  plate  allows  the  egress  of  gas,  but  prevents 
ingress  of  the  air.  With  this  construction  the  operation  of  the 
lamp  will  be  as  follows. 

Upon  the  closure  of  the  circuit,  and  the  springing  of  the  arc. 
the  air  in   the  enclosing  envelope  is  robbed  of  its  oxygen,  the 
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latter  uniting  with  the  carbon  of  the  electrodes  to  form  C  0  and 
C  02  gases. 

The  gases  are  brought  to  an  exceedingly  high  temperature  at 
which  they  maintain  the  carbon-vapor  issuing  from  the  arc. 
This  vapor  is  deposited  in  the  form  of  a  thin  coating  on  the 
internal  surface  of  the  glass  chamber. 

The  expansive  force  of  the  gases  may  become  sufficiently 
great,  if  no  means  of  egress  be  provided,  to  rupture  the  envelope ; 
hence,  a  small  safety  valve  is  provided  for  their  outflow.  The 
only  possibility  of  ingress  of  air  is  through  the  narrow  space 
between  the  positive  carbon  and  the  plug ;  experience  has  shown 
that  after  the  temperature  has  been  raised  beyond  a  certain  point 
the  amount  of  air  that  enters  in  this  way  is  inappreciable  :  in  any 
event,  the  oxygen  is  immediately  converted  by  combination. 

It  is  important  that  the  enclosing  glass  envelope  be  as  small  as 
possible,  for  the  conservation  of  the  radiant  energy,  and  hence 
the  efficiency  will  depend  largely  upon  the  size  of  the  chamber. 
The  heat  which,  in  the  ordinary  arc-light  is  dissipated  in  the  air, 
is  here  conserved  and  raises  the  temperature  of  the  enclosed 
gases  and  vapor  of  carbon.  The  proper  conditions  being  ful- 
filled, the  lamp  maintains  its  maximum  efficiency  shortly  after 
the  current  has  been  passed  through  it,  and  glows  like  the  incan- 
descent, with  the  brilliancy  of  the  arc-light.  The  arc  proper  is 
scarcely  visible,  but  the  entire  contents  of  the  chamber  seem  to 
be  luminous,  giving  the  appearance  of  a  solid  cylinder  of  light. 

The  pressure,  as  well  as  the  temperature  of  the  enclosed  gases 
has  a  very  important  bearing  on  the  performance  of  the  lamp, 
and  effects  to  a  marked  degree  the  character  of  the  carbon  de- 
posit on  the  glass  chamber.  At  this  date  no  definite  figures  can 
be  given,  but  it  appears  that  a  high  tension  is  absolutely  required 
to  give  good  results. 

The  structure  and  constituency  of  the  electrode  are  also  pre- 
eminently important.  Absolute  purity  of  the  carbons  is  im- 
perative. 

Investigators  in  this  field  have  apparently  found  it  impossible 
to  obtain  all  the  requisite  conditions.  Beardslee*  mentions  a 
type  of  lamp  similar  to  the  one  under  discussion,  but  whether 
the  size  or  character  of  the  arc-enclosing  chamber,  the  nature  or 
management  of  .the  gases,  or  the  quality  of  the  electrodes,  or 


*G.  W.  Beardslee,  U.  S.  Patent,  265,737,  Oct.  10,  1882. 
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other  features  made  his  arrangement  impracticable,  is  not  re- 
corded. Suffice  it  to  say,  the  comparatively  poor  grade  of  arc- 
light  carbon  manufactured  ten  years  ago  would  alone  explain  his 
failure. 

It  is  interesting  to  note  here  that  attempts  have  been  made  at 
various  times  to  save  carbons  in  arcs  by  excluding  the  oxygen  of 
the  air.  Baxter*  devised  several  forms  of  arc  lamp  with  this 
object  in  view.  The  subject  has  been  more  recently  referred  to 
by  Thomson.f  These  experiments  were  attended  with  little 
practical  success,  not  because  the  desired  ends  were  unfeasible, 
but  probably  because,  as  in  the  case  of  Beardslee's  apparatus, 
alluded  to  above,  one  or  more  of  the  requisite  conditions  had  not 
been  attained.  It  appears  that  the  saving  in  life  was  more  than 
counterbalanced  by  the  loss  in  light.  The  "  incandescent  effect" 
was  absent,  and  the  unsteadiness  of  the  arc  itself  was  fatal.  The 
results  were  almost  identical  with  those  obtained  when  the  arc  is 
formed  in  vacuo.  In  this  case  there  is  a  tendency  of  the  carbon 
to  deposit  as  a  soot  on  the  sides  of  the  vacuum  chamber,  an  effect 
opnsequent  upon  the  vaporized  carbon  in  the  arc  being  carried 
off  and  condensed  again,  as  soon  as  the  vapor  escapes  the  heat  of 
the  arc  stream. 

But  the  requisite  conditions  hereinbefore  named  being  once 
attained,  the  arc  is  really  a  beautiful  phenomenon.  It  differs  in 
many  respects  from  the  arc  in  open  air,  being  especially  steadier 
than  the  latter.  The  light,  emanating  from  the  incandescent 
vapor  of  carbon  appears  to  issue  from  all  parts  of  the  small 
enclosing  envelope,  the  area  of  the  source  of  illumination  being 
limited  only  by  the  size  of  the  chamber. 

Efficiency  Measurements. 

Measurements  of  the  efficiency  and  candle  power  of  the  light 
were  made  in  the  laboratory  of  Cornell  University.  The  method 
employed  in  making  the  efficiency  tests  was  that  used  by 
Nakano^:  in  determining  the  efficiency  of  the  arc  lamp,  and 
subsequently  by  the  writer  in  an  investigation  on  arc  light 
carbons.§    The  ratio  of  luminous  to  total  radiation  of  the  lamp 


♦William  Baxter,  Jr.,  U.  S.  Patent,  288,157,  Nov.  6.  1888. 

"    U.  S.  Patent,  306,993,  Oct.  21,  1884. 

fElihu  Thomson :    The  Electric  Arc  and  its  use  in  Lighting,   paper  read 
before  the  National  Electric  Light  Association,  Feb.  18,  1891. 

1H.  Nakano  :  Efficiency  of  the  Arc  Lamp,     Trans.  Amer.  Inst.  Elec.  Eng. 
vol.  vi.,  p.  208,  1889. 

§  L.  B.  Marks  :  Life  and  Efficiency  of  Arc  Light  Carbons.     Trans,  Amer. 
Inst.  Elec.  Eng.    vol.  vii. ,  p.  185,  1890. 
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was  taken  at  different  angles  below  and  above  the  horizontal. 

The  values  obtained  are  given  in  Table  I,  where  L  equals  lumin- 

L 
ous  radiation,  T  equals  total  radiation,  and  -=,  equals  radiant  effi- 


ciency. 


TABLE  I. 

Efficiency  Measurements. 


Mean  Current  =  9  Amp. 


Mean  P.  D.  =  55  Volts. 


Angle. 

o° 

—  io° 

—  ao° 

-40' 

-*>• 

—  6o° 

+  ">• 

+  20° 

+  30* 

L 

7 

12.3 

17- 

22. 

30.5 

*3-5 

8.5 

7. 

7- 

T 

*55- 

»75- 

180. 

X95. 

180. 

155. 

*35- 

*3S- 

«35- 

L 
T 

•«H5 

.07 

.094 

•«3 

.114 

.087 

.063 

.05a 

.052 

Ff*.l     Mean  Heml-SRhertcal  Efficiency = &£% 


Fig.  1  represents  the  curves  plotted  from  these  values,  the  dotted 
curves' showing  the  distribution  of  luminous  and  total  radiation, 
respectively  and  the  full  curve  the  measure  of  the  efficiency  be- 
low the  horizontal. 

The  value  of  the  mean  hemi-spherical  efficiency  is  obtained  by 
integrating  the  curve,  and  is  found  to  be  8.4  per  cent.  The  mean 
efficiency  of  the  ordinary  arc  is  about  10  per  cent.*    The  mean 

*  H.  Nakano :  1.  c. 
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efficiency  of  the  incandescent  lamp,  according  to  Merritt,*  is  rather 
below  than  above  5  per  cent.  The  value  obtained  in  the  test  of 
this  new  light  therefore  lies  between  those  of  the  two  present 
forms  of  electrical  illumination,  approaching,  however,  more 
nearly  that  of  the  arc. 

While  it  is  true  that  the  average  efficiency  of  the  electric  arc 
in  open  air  nets  about  10  per  cent.,  it  is  questionable  whether  in 
commercial  practice  in  this  country  this  value  is  often  reached. 
The  writer  has  made  tests  of  a  standard  brand  of  arc  light  carbon 
where  the  efficiency  was  only  7f  per  cent.f 

Glancing  at  Fig.  1,  we  note  that  while  the  form  of  the  effici- 
ency curve  differs  entirely  from  that  of  the  incandescent  lamp,  it 


Fi*.9      Mean  Hemispherical  Efficiency  =  8.02  °1 

is  not  unlike  that  of  the  arc.  The  distribution  of  light  giving 
energy  is,  however,  more  uniform  than  in  the  arc,  a  fact  which  is 
more  prominently  brought  out  in  comparing  the  candle  power 
curves  of  the  two.  While  the  approximate  law,  hemispherical 
efficiency,  =  J  horizontal  +  f  maximum  holds  for  the  ordinary 
arc,  the  mean  of  several- tests  indicates  that : 

Hemispherical  efficiency  =  £  horizontal  -f  \  maximum,  fairly 
represents  the  conditions  manifested  by  the  incandescent  arc 
curves,  Figs.  1  and  2. 

*  E.  G.  Merritt :  Amer.  Journal  of  Science,  vol.  37,  p.  167. 
t  Trans.  Amer.  Inst.  Elec.  Eng.t  vol.  7,  No.  6  and  7,  p.  202. 
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Tests  were  made  to  determine  the  effect  of  initially  coating  the 
internal  surface  of  the  cylinder  with  various  ingredients  other 
than  carbon.  No  marked  difference  in  the  efficiency  was  dis- 
covered. Fig.  2,  plotted  from  values  in  Table  II,  represents  a 
curve  taken  in  this  way.  The  mean  hemi-spherical  efficiency 
was  8.02  per  cent. 

TABLE  II. 
Efficiency  Measurements. 


Mean  Current  =  9  Amp. 


Mean  P.  D.  =  55  Volts. 


Angle. 

—  o9 

—   IO° 

—  3°° 

-50' 

—  6o° 

+  90° 

1 
+   40° 

L 

10.5 

X3.0 

14.0 

»55 

14.0 

XO.5 

8.5O 

T 

»55- 

160. 

170. 

IS©' 

140. 

155. 

ISO. 

L 
T 

.068 

.075 

.082 

.103 

.100 

.068 

.057 

Candle  Powee  Measurements. 

Table  III.  gives  the  candle  power  measurements  from  which 
the  cnrve,  Fig.  3,  was  plotted.  Distances  measured  along  the 
radii  give  the  candle  powers  for  the  various  angles  throughout 
the  "  zone  of  useful  illumination." 

TABLE  III. 

Candle  Power  Measurements. 

Mean  Current  =  8  Amp.  Mean  P.  D.  =  68  Volts. 


Angle. 

o° 

—    IO° 

—   20° 

-30° 

-40° 

-  5o° 

—  60* 

+   20« 

Cradle  Power 

318 

a83 

455 

590 

595 

S»5 

45o 

I70 

Distribution  of  Light. 

It  will  be  seen  that  the  distribution  of  light  as  shown  by  the 
candle  power  curve  differs  considerably  from  that  of  the  ordinary 
arc.  Especially  is  this  true  at  angles  greater  than  50°  below  the 
horizontal.  The  turn  in  the  curve  is  not  so  sharp  as  in  the  arc, 
and  there  is  much  less  difference  between  the  maximum  and  the 
mean  amount  of  light ;  in  fact  to  the  naked  eye  the  intensity  of 
luminous  radiation  does  not  seem  to  vary  much  from  20°  to  60° 
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below  the  horizontal,  while  in  the  arc  the  change  is  very  marked 
between  these  limits.    Thus  the  formula  of  Gerard*,  namely : 

Hemi-spherical  c.  p.  =  %  horizontal  c.  p.  +  i  maximum 
c.p.,  which  maybe  used  to  advantage  in  arc  light  approximations, 
will  not  hold  in  this  case ;  but  the  form  of  the  curve,  as  well  as 
the  nature  of  efficiency  curves  above  referred  to,  suggests  the 
substitute — 

Hemispherical  c.p.  =  i  horizontal  c.  p.  -f-  i  maximum  c.  p. 

The  mean  or  hemi-spherical  candle  power  below  the  horizontal, 
obtained  by  integration  of  curve  Fig.  3,  equals  431,  thus  allowing 
1.17  watts  pef  candle,  or  637.6  candles  per  electrical  horse-power, 


100  c.p. 


Fis.3   Mean  Hcuii-Spkerical  Candle  Power  =.431* 

Watts  per  »  »      =     1.17 

Candles  per  Elec.H.P.  «  637.6 


nearly  three  times  the  average  illumination  of  the  incandescent 
lamp  using  the  same  energy. 

The  results  of  tests  show  that  the  mean  hemi-spherical  candle 
power  of  the  ordinary  arc  measured  as  in  the  above  case,  aver- 
ages about  600 ;  the  mean  watts  per  candle  .84,  or  888  candles 
per  electrical  horse-power. 

Comparing  the  measurements  with  those  of  radiant  efficiency 
it  appears  that  the  ratio, 

Hemi-spherical  c.  p.  "  incandescent-arc ".    )    .  idprablv 

Hemi-spherical  c.  p.,  ordinary  arc  ) 


{ 


*    M.  Gerard  :   Candle  Power  of  Arc  Lamps.     CentrctiblaU  for  EUktrotcch- 
nic,  Jan,  1890. 
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smaller  than  the  (  Hemirspheric<ilefficiency^Hncandescentar(fJ  | 
ratio.  [  Hemi -spherical  efficiency,  ordinary  arc  ) 

The  explanation  of  this  difference  undoubtedly  lies  in  the 
quality  of  luminosity  of  the  light  emitted  by  the  incandescent 
arc.    Nichols*  has  pointed  out  that  the  relative  efficiency  as  deter- 

mined  by  the  ratio  \  lum™<™>  radiation  )     u  doeg  QOt  coincide 

( total  radiation,  ) 

with  that  obtained  from  the  ratio  of  watts  to  candle  power,  for 
the  reason  that  the  various  rays  which  make  up  the  visible  spec- 
trum, do  not  enter  into  the  production  of  candle-power  in  propor- 
tion to  their  energy."  Luminosity  is  a  potent  factor  in  deter- 
mining the  real  efficiency  of  any  source  of  illumination.  Lack  of 
time  has  prevented  the  investigation  of  this  important  phenom- 
enon, but,  at  its  maximum  efficiency  the  light  from  this  form  of 
incandescent  arc,  though  not  so  intense,  unmistakably  appears 
brighter  than  that  of  an  ordinary  arc  of  equal  candle-power  as  in- 
terpreted by  the  photometer. 

Life  Tests. 

Oxygen  being  practically  excluded  from  the  arc  enclosing 
chamber,  prolongation  in  the  life  of  the  electrodes  is  an  implied 
concomitant. 

In  the  ordinary  arc  "  while  the  positive  carbon  loses  by  volatil- 
ization from  its  tip  or  crater,  and  by  combustion  from  its  sides, 
the  negative  gains  no  deposit,  but  wastes  at  a  less  rate  than  the 
other,  and  by  combustion  only.\ 

Hence,  if  the  exclusion  of  oxygen  were  complete,  we  might 
expect  an  indestructible  negative.  This  condition,  however,  has 
not  been  fulfilled  in  any  of  the  tests  made  thus  far,  but  the  re- 
sults fully  substantiate  the  theory.  Absence  of  combustion  on 
the  one  hand,  and  tension  of  the  enclosed  gases  on  the  other,  com- 
bine to  greatly  reduce  the  amount  of  disintegration  of  the  pos- 
itive electrode. 

Table  IV  gives  the  results  #f  life  test  with  a  pair  of  pure  car- 
bons, i  in.  diameter,  and  specially  constructed  for  the  purpose. 

The  lamp  was  placed   in  the  circuit   of  a  constant  current 

dynamo,  running  about  eight  hours  per  day  ;  readings  were  taken 


#    Dr.  Edward  L.  Nichols :  The  Efficiency  of  Methods  of  Artificial  Illumi- 
nation.    Trans.  Am.  Inst.  Elec.  Eng.,  vol.  vi.,  No.  5,  May,  1889. 

f    Elihu  Thomson,  1.  c. 
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at  given  intervale  and  the  total  length  of  run  was  limited  to  100 
hours. 

TABLE  IV. 
Life  Tests. — }  in.  Carbons. 
Mean  Currents  9^  Amp.  Mean  P.  D.  55  Volts. 


Initial 

length  (+) 

carbon 

(inches). 

Initial 

length 

(— )  Carbon 

(inches). 

Duration 
of  run. 
(hours). 

Loss  in 

length  <+) 

carbon 

(inches). 

Loss  in 
length  (— ) 
carbon 
(inches). 

Life  per 
inch  <+) 
carbon 
(hours). 

Life  per 

inch  ( — ) 

carbon 

(hours). 

10.31 

4-63 

zoo. 

6.81 

0.69 

14.67 

*45  45 

Thns  making  1.69  inches  per 'hour  as  the  average  consumption 
of  carbon  in  the  commercial  350  watt  lamp,  run  at  5  £  am- 
peres and  50  volte,*  we  note  that  although  525  watts,  or  one  and 
one-half  times  the  energy  have  been  expended  in  the  case  of  the 
lamp  under  consideration,  yet  the  life  per  inch  of  carbon  con- 
sumed is  more  than  twenty  times  that  of  the  other.  Indeed  the 
figures  show  that  the  life  of  the  negative  was  merely  one  hun- 
dred times  as  great  as  that  obtained  in  commercial  practice  to- 
day. 

The  preservation  of  the  negative  is  a  very  interesting  feature 
of  this  type  of  lamp.  There  is  a  marked  tendency  towards  de- 
position of  the  products  of  volatilization  of  the  upper  electrode, 
on  tip  of  the  lower,  the  carbon  deposited;  if  not  ruptured  by  the 
action  of  the  lamp,  forming  an  internal  part  of  the  negative. 

In  one  case  where,  the  arc  having  been  sprung,  the  electrodes 
did  not  come  in  contact  during  the  entire  run,  this  "  building  up" 
process  was  beautifully  exhibited,  the  negative  electrode  gaining 
practically  all  that  the  positive  lost.  The  current  in  this  instance 
was  10£  amperes,  and  the  p.  d.  50  volte.  The  duration  of  the 
run  was  eleven  hours. 

Observation  of  the  Arc. 

Relation  of  P.  D.  to  Length  of  Arc  and  Quality  of  Carbon. 

The  effect  of  the  enclosed  gases  on  the  form  and  character  of 

the  arc  presents  a  large  field  for  investigation. 

On  account  of  lack  of  sufficient  data  no  attempt  will  now  be 

made  to  state  much  of  a  definite  nature  regarding  this  subject ; 

*  E.  F.  Peek,  carbon  tests,  paper  read  before  the  National  Electric  Light 
Association,  February,  1890. 
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but  it  is  hoped  that  the  matter  will  be  given  due  attention  in  the 
near  future. 

The  difference  in  potential  between  the  electrodes  being  equal, 
the  incandescent  arc  is  longer  for  a  given  current,  than  the  or- 
dinary arc ;  under  some  conditions  it  has  been  found  to  be  almost 
twice  as  long.  If  we  accept  the  conclusion  of  S.  P.  Thompson,* 
that  "  the  arc  is  independent  of  the  nature  of  the  surrounding 
gas."  we  must  then  look  to  the  effects  of  the  tension  or  pressure 
of  the  heated  gases  upon  the  arc  to  explain  this  difference  in 
length.  It  has  been  found  that  there  is  a  constant  increase  of 
p.  d.  with  pressure  above  atmosphere,  for  a  given  current  and 
length  of  arc.f  But  in  spite  of  this  fact,  the  decrease  in  resist- 
ance of  the  arc  under  the  conditions  named  appears  to  allow  of  a 
greater  length  for  the  same  p.  i». 

Flaming  and  Hissing. 

In  the  ordinary  arc  the  carbon  vapor  carried  off  from  the  posi- 
tive is  coneumed  by  the  oxygen  of  the  air  before  it  can  deposit 
on  the  negative.  Hence  the  ever  present  "zone  of  flame"  as 
distinguished  from  the  arc  flux  proper  is  really  a  zone  of  combus- 
tion. In  the  incandescent  arc,  however,  there  is  naturally  no 
zone  of  flame,  consequently  the  phenomenon  of  flaming  common 
to  the  ordinary  arc,  does  not  occur.  The  arc  tends  to  centre 
itself,  being  probably  aided  in  so  doing  by  the  pressure  of  the 
surrounding  gases  ;  moreover,  the  slow  consumption  of  the  elec- 
trodes lessens  the  tendency  to  wander.  With  cored  carbons  there 
is  a  perceptible  crater,  but  with  solid  pencils  the  tips  become  more 
or  lees  flattened. 

The  quality  of  the  carbon  has  an  important  bearing  on  the  p. 
d.  between  the  electrodes.  Generally  speaking,  it  lias  been  ob- 
served that  with  soft  fine-grained  carbons  the  p.  d.  is  considerably 
lower  for  a  given  current  than  with  harder  or  course  grained 
pencils  The  tendency  to  hiss,  however,  is  not  so  marked  when 
the  electrodes  are  consumed  in  the  gas  chamber  as  in  the  open 
air;  in  the  former  case  the  disintegration  is  so  slow  that  the 
"  electrolytic  v  vaporization,  as  it  has  been  called,  does  not  appear 
to  explode  the  particles.     It  is  interesting  to  note  here  that  these 


*.  S.  P.  Thomson  :  On  the  Physics  of  the  Voltaic  Arc.  Paper  read  before 
British  Association,  Section  A,  Edinburgh,  August,  1892. 

\.  Dr.  Louis  Duncan,  A.  J.  Rowland,  R.  I.  Todd.  New  York  Eke.  Eng. 
vol.  xvi.  No.  274,  page  99,  1893. 
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results  confirm  a  theory  of  hissing  advanced  by  Prof.  Thomson 
a  few  years  ago.* 

The  Alternating  Current  "  Incandescent- Arc. 

No  measurements  were  made  using  the  alternating  current ; 
but  the  appurtenance  was  applied  to  the  alternating  current  arc 
lamp  to  determine  the  effect  on  the  noise  of  the  arc.  The  hum 
was  in  a  large  measure  reduced,  but  whether  the  reduction  was 
due  mainly  to  the  mere  fact  of  -the  arc  being  enclosed  in  an  air- 
tight compartment  or  not,  is  questionable.  But,  as  the  hum 
became  much  slighter  after  thelamp  had  been  in  operation  several 
minutes,  the  action  of  the  heated  gases  being  then  manifest,  it  is 
plausible  that  the  diminution  in  the  noise  was  not  due  entirely  to 
the  shielding  property  of  the  glass  envelope. 

While  it  has  been  proven  that  u  the  humming  of  the  alternat- 
ing current  arc  is  due  to  the  rapid  periodic  extinction  and  re-es- 
tablishment of  the  discharge,"  f  the  singing  tone  may  be  greatly 
modified,  if  not  entirely  overcome,  by  the  substitution  of  any 
incandescent  arc  of  the  Reynier  type.  A  few  years  ago  the 
writer  had  occasion  to  test  an  alternating  current  arc  lamp 
trimmed  with  carbons  which  had  been  provided  with  a  core 
of  pulverized  mica  and  carbon.  The  springing  of  the  arc 
was  accompanied  by  the  usual  hum,  but  as  soon  as  the  mica 
fused,  the  noise  ceased.  The  conditions  were  similiar  to  those 
of  an  incandescent  arc,  the  plastic  mica-carbon  core  constitut- 
ing a  high-resistance  medium  between  the  plus  and  minus 
electrodes.  There  was  really  no  true  arc.  The  amount  of 
light  was  naturally  greatly  reduced  In  the  case  of  the  incan- 
descent arc  first  alluded  to,  there  seems  to  be  an  approach  to 
these  conditions,  the  arc-stream  acted  upon  by  the  gases  enclosed 
in  the  chamber  appearing  to  have  a  greater  density,  if  we  may 
call  it  that,  than  under  normal  circumstances.  The  amount  of 
light  in  thi6  experiment,  was,  however,  apparently  as  great  as  in 
the  direct  current  tests. 

Application  to  the  Arts. 

Unquestionably  this  form  of  incandescent  arc  must  have  a 
wide  application  to  the  arts.     As  a  substitute  for  the  ordinary 

*.  Elihu  Thomson  :  Trans.  Amer.  Inst.  Eke.  Eng.,  vol.  vii,  Nos.  8  and  9, 
page  274. 

f.  Dr.  Edw.  L.  Nichols  :  A  photographic  study  of  the  Electric  Arc.  Trans. 
Amer.  Inst.  Elec.  Eng.,  vol.  viii.  Nos.  6  and  7,  1801. 
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arc-light,  where  greater  steadiness  or  longer  life  is  required,  its 
superiority  will  be  manifest.  And  its  utilization,  where  at 
present  the  incandescent  lamp  is  the  only  satisfactory  source  of 
illumination,  also  presents  a  large  field.  The  effective  distribu- 
tion of  luminous  energy  and  the  color  of  the  light,  make  it  for 
many  purposes  a  desirable  mean  between  the  incandescent  and 
the  arc. 

As  a  standard  source  of  illumination  for  arc-light  comparison 
and  measurements,  it  may  be  of  much  scientific  as  well  as  utili- 
tarian importance. 

The  investigations  have  been  carried  out  under  the  direction  of 
Mr.  Louis  E.  Howard,  and  many  of  the  facts  herein  stated  are 
due  to  him.  The  writer  is  also  indebted  to  Dr.  Edw.  L.  Nichols, 
Franklin  L.  Pope  and  Rob't  II.  Read  for  valuable  suggestions ; 
to  Mr.  C.  Ransom  for  life  tests,  and  to  Messrs.  Wm.  C.  Hubbard 
aud  E.  S.  Ferry  for  assistance  in  the  efliciency  and  candle  power 
measurements. 


At  the  conclusion  of  the  reading  of  Mr.  Mark's  paper,  the 
chairman  called  on  Prof.  E.  L.  Nichols,  of  Cornell  University,  to 
open  the  discussion. 

Prof.  E.  L.  Nichols  : — Mr.  Chairman,  I  will  only  make  a  very 
few  remarks  on  this  paper.  It  seems  to  me  that  the  contents  are 
noteworthy,  in  that  tliey  seem  to  indicate  two  or  three  essential 
advances  in  the  matter  of  electric  lighting.  Of  course  the  diffi- 
culties of  the  arc  light  are  plain.  In  the  first  place,  there  is  the 
necessity  of  daily  service  in  renewing  the  carbons,  to  say  nothing 
of  the  expense  of  replacing  the  material  itself.  In  the  second 
place,  the  undue  concentration  of  the  arc  light  makes  it  for  many 
purposes  disagreeable  and  unsuitable,  and  we  have  been  obliged 
to  reduce  the  light  for  the  purpose  of  getting  diffusion,  often 
times  to  the  extent  of  losing  half  or  more  of  the  total  candle- 
power.  In  these  two  respects  we  see  here  indications  of  a  new 
condition  of  things.  We  have  an  arc  lamp  maintained  apparently 
for  hundreds  of  hours  without  the  daily  attention  which  the  or- 
dinary arc  lamp  requires.  We  have  in  the  envelope  surrounding 
the  arc  itself  apparently  the  means  of  getting  diffusion  without 
great  loss  of  efficiency ;  that  is  to  say,  the  efficiency  of  this  lamp 
appears  from  Mr.  Mark's  paper  to  be  equal  to  the  efficiency  of 
the  ordinary  commercial  arc-light.  It  would  seem,  then,  that  we 
have  here  a  means  of  getting  diffusion  of  light  without  so  great 
loss  as  we  get  by  sending  it  through  an  absorbent  medium  such 
as  milk-glass  or  the  opalescent  globes  sometimes  used,  and  with- 
out so  great  a  change  in  the  quality.  This  form  of  lamp,  we  are 
informed,  requires  carbons  of  great  purity.     This  may  be  for  a 
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time  a  practical  objection  to  its  general  introduction,  but  that 
seems  to  me  an  entirely  secondary  matter.  Doubtless  manufact- 
urers of  arc-lights  will  be  able  to  fill  this  demand,  and  though 
the  price  of  the  carbons  would  be  materially  increased,  the  de- 
creased consumption  would  more  than  counterbalance  the  in- 
creased cost. 

Whether  the  change  of  distribution  contained  in  this  form  is 
an  advantage,  depends  of  course,  upon  uses  to  which  the  lamp  is 
to  be  put.  With  arc  lights  hanging  overhead  it  is  well,  perhaps, 
to  throw  the  light  pretty  well  downward  as  in  the  ordinary  form 
of  distribution ;  still,  on  the  whole,  for  most  purposes  I  should 
think  that  the  candle  power  curve  of  this  new  form  presents  a 
decided  advantage  over  the  forms  which  exist  in  the  case  of  the 
arc  lamp  of  the  present  day. 

Prof.  S.  P.  Thompson,  of  London : — I  have  made  a  great  many 
investigations  in  this  line,  especially  in  regard  to  the  behavior  of 
the  arc  in  various  kinds  of  atmosphere.  I  am  not  inclined  to 
think  that  there  is  any  great  commercial  gain  in  making  the  car- 
bons burn  away  slowly  if  it  necessitates  expensive  carbons,  a  more 
or  less  complicated  envelope,  etc. 

Mr.  George  P.  Low,  01  San  Francisco: — The  very  interesting 
paper  of  Mr.  Marks,  and  the  discussion  call  to  mind  an  incandes- 
cent lamp  exhibited  by  Mr.  W.  F.  C.  Hasson  and  myself  in  San 
Francisco,  some  months  ago.  In  this  there  was  no  arc  of  any 
nature.  It  was  operated  under  an  extremely  low  electromotive 
force,  between  six  and  eight  volts,  from  a  storage  battery.  The 
inventor's  claim  is  that  by  the  application  of  a  certain  amount  of 
magnesium  the  carbon  mav,  under  the  action  of  current,  be 
reduced  to  a  plastic  state.  The  lamp  itself  was  a  very  crude  one, 
but  it  presented  the  main  feature  01  the  usual  arc  lamp.  The 
carbons  remain  continuously  in  contact  until  through  a  solenoid 
action  they  are  raised  and  the  plastic  mass  is  drawn  out  to  be- 
tween £  and  ^  of  an  inch.  The  current  varied  between  twenty 
and  thirty  amperes.  The  lamp  was  to  have  been  submitted  to 
Mr.  Hasson  and  myself  for  tests  later,  but  it  was  never  brought 
back. 

Mr.  Marks  : — Experimenting  with  that  type  of  lamp  we  find 
the  efficiency  very  low  indeed,  in  fact,  so  low  as  to  preclude  the 
practical  utilization  of  the  lamp.  The  very  fact  that  the  pro- 
ducts of  volatilization  of  the  carbons  were  not  utilized  in  light  in 
that  form  was  fatal  in  connection  with  it. 

Mr.  Low  : — I  might  state  that  Lieutenant  Hasson  and  myself 
were  engaged  on  the  part  of  a  would-be  purchaser  of  the  patent 
rights  of  this  invention.  Doubtless  the  inventor  was  aware  of 
the  woeful  inefficiency  of  it,  for  he  never  returned  to  present  the 
opportunity  for  us  to  test. 

Prof.  E.  P.  Roberts,  of  Cleveland,  Ohio : — What  has  been 
the  experience  with  the  valve  of  this  lamp.  Has  there  not  been 
a  tendency  for  explosions  to  occur? 
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Mr.  Marks  : — In  the  earlier  stages  of  this  lamp  there  was  a 
marked  tendency  to  explosion,  and  on  several  occasions  the  at- 
tendants were  forced  to  leave  the  room,  but  after  perfecting  the 
little  valve  we  found  that  we  had  no  further  trouble  in  that 
respect.  Indeed,  I  have  not  known  a  cylinder  either  to  break  or 
the  gas  to  cause  any  disturbance  for  probably  six  months.  Prof. 
Nichols  alluded  to  the  character  of  the  glass  which  must  be  used 
in  the  incandescent  arc  of  this  style.  It  is  very  true  that  a  great 
deal  of  difficulty  has  been  experienced  in  procuring  a  glass  suit- 
able for  this  purpose,  but  after  a  series  of  experiments  one  of  the 
glass  manufacturers  was  enabled  to  give  us  a  glass  of  a  very 
refractory  character  which  has  withstood  all  the  tests  of  tempera- 
ture. Then  in  regard  to  Prof.  S.  P.  Thompson's  remarks,  I 
would  like  to  state  that  in  the  early  part  of  the  paper,  before  he 
came  in,  mention  was  made  of  the  fact  that  the  negative  carbon 
wasted  by  combustion  only.  He  has  cleared  that  point  in  his 
discussion  and  has  shown  why  the  disintegration  in  the  negative 
was  not  at  all  marked,  and  that  it  was  due  almost  entirely,  if  not 
entirely,  to  the  reflection  of  the  heat  from  the  positive  electrode 
or  "  roasting,"  if  I  understood  him  correctly.  In  this  type  of 
lamp  there  is  practically  no  waste  of  the  negative  electrode. 

Mb.  George  W.  McDonald  : — This  lamp  appears  to  me  to  be 
rather  an  impracticable  solution  of  the  problem  of  making  the 
carbons  burn  for  a  longer  time  than  is  now  the  case,  because  I 
have  found  that  material  is  thrown  off  by  the  arc  in  such  quanti- 
ties as  to  cover  the  inclosing  globe  and  prevent  the  exit  of  the 

Mr.  Marks  : — In  regard  to  that  point  I  would  like  to  state,  or 
rather  to  refer  to  what  was  said  in  the  paper  regarding  the 
quality  of  the  electrodes.  Absolute  purity  of  the  carbon  is 
imperative,  and  no  doubt  in  the  case  of  the  experiments  of  the 
last  speaker,  the  carbons  were,  to  a  certain  extent,  imperfect,  and 
judging  from  the  results  which  he  obtained,  I  am  quite  sure  that 
the  electrodes  had  a  small  percentage  of  iron  in  them,  inasmuch 
as  nearly  all  carbons  manufactured,  on  this  side  of  the  water,  at 
any  rate,  have  a  small  amount  of  iron  in  them ;  even  one-tenth 
of  one  per  cent,  of  iron  in  a  carbon  is  fatal  to  this  form  on  light, 
because  the  iron  is  thrown  on  the  internal  surface  of  the  glass 
cylinder  in  the  form  of  an  opaque  coating.  I  have  found  with 
these  experiments,  that  the  pressure  of  the  gas  has  tended  to 
keep  the  body  of  the  carbon  intact  and  to  prevent  to  a  large 
extent,  the  deposition  of  carbon  on  the  internal  surface  of  the 
chamber,  but  with  absolutely  pure  carbons  of  the  requisite  struc- 
ture—and that  is  a  very  important  matter — the  deposition  is  very 
little.  I  ran  carbons  tor  hours  and  hours  without  any  trace  of 
deposit  on  the  surface,  but  it  took  many  months  of  experimental 
work  to  get  a  carbon  which  would  answer  that  condition.  Prof. 
Thompson  alluded  to  the  cleaning  of  the  globes.  We  have 
found  the  coatings  of  the  globes  to  be  a  practical  benefit,  inas- 
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much  as  it  gives  a  more  symmetrical  distribution  of  light.  A 
great  many  who  have  6een  the  light  both  with  the  coated  cylin- 
der and  with  the  plain  cylinder  have  preferred  the  former 
arrangement.  The  light  seems  to  be  softer,  the  luminosity 
appears  to  be  greater.  No  exact  measurements  were  made  on 
this,  but  it  is  hoped  in  the  near  future  we  will  know  a  little  more 
about  this  phase  of  the  subject. 

The  Section  then  adjourned  to  meet  at  10  a.  m.  the  following 
morning. 


Third  Meeting,  Thursday,  Aug08^24th,  1893. 

devoted  to  a  general  discussion  of  power  transmission. 

The  session  was  called  to  order  at  ten  o'clock  by  the  Chairman, 
Prof.  Edwin  J.  Houston,  who,  after  giving  a  brief  statement  of 
the  work  before  the  Section,  introduced  Professor  F.  B.  Crocker, 
who  spoke  "  On  Direct  Current  Dynamos  of  Very  High  Poten- 
tial." 


DIRECT     CURRENT     DYNAMOS     OF    VERY    HIGH 

POTENTIAL. 


BY   PROF.    FRANCIS   B.    CROCKER. 
Professor  of  Electrical  Engineering,  Columbia  College,  New  York. 


Mr.  Chairman  and  Gentlemen :  This  treatment  of  the  subject 
is  not  a  formal  paper,  being  merely  a  note  of  some  experi- 
mental results  which  I  have  obtained  with  two  direct  current 
dynamos  giving  currents  of  very  high  potential — that  ip,  from 
5,000  to  11,000  volts.  Machines  of  this  kind  have  received  com- 
paratively little  attention  either  from  scientists  or  practical  engi- 
neers. Nevertheless,  facts  of  great  scientific  and  practical  import- 
ance can  be  derived  from  the  investigation  of  this  class  of  dyna- 
mos and  motors. 

Considering  these  machines  historically,  the  first  fact  that 
meets  our  attention  is  that  there  exists  a  general  and  deeply- 
rooted  idea  that  direct  current  dynamos  of  very  high  potential 
are  not  at  all  practical.  This  unfavorable  opinion  is  particularly 
strong  in  regard  to  the  use  of  such  machines  for  the  transmission 
of  power  for  any  considerable  distance  ;  in  fact,  such  a  system  is 
considered  to  be  almost  out  of  the  question. 

It  is  chiefly  with  the  object  of  bringing  this  system  into  the  dis- 
cussion of  power  transmission  that  I  venture  to  present  the  fol- 
lowing facts  to  the  Congress. 

The  actual  historical  and  practical  facts  are  that  the  high  po- 
tential direct  current  machines  were  more  extensively  and  success- 
fully operated  when  the  dynamo  first  came  into  general  use  about 
1880  than  any  other  type,  either  direct  or  alternate  current. 
Furthermore,  their  number  and  size  have  largely  increased  nnd 
the  voltage  at  which  they  can  be  practically  worked  has  been 
steadily  raised  until  we  now  have  sixty-light  arc  dynamos  as  the 
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standard  size  of  large  machine,  generating  about  3,000  volts  and 
10  amperes.  Arc  dynamos  of  90  or  100-light  capacity  are  also 
regularly  made  by  several  manufacturers,  and  100  or  even  125- 
light  machines  have  been  built.  I  happen  to  know  of  one  sta- 
tion where  there  are  four  arc  dynamos  rated  at  125  lights  each, 
which  run  every  night  with  a  load  of  from  100  to  125  lights. 
These  machines  generate  at  least  5000  volts  each.  No  great 
practical  or  other  difficulty  is  found  in  operating  arc  machines, 
except  that  of  danger  to  persons,  but  this  is  merely  due  to  the 
high  potential  and  does  not  depend  very  much  upon  the  type  of 
machine  or  character  of  current.  In  fact,  the  direct  is  probably 
safer  than  the  alternating  current  of  the  same  voltage.  Never- 
theless, when  it  is  suggested  to  use  direct  currents  in  the  trans- 
mission of  power,  we  are  usually  told  that  nothing  over  1000,  or 
at  the  most  2000  volts,  is  at  all  practical.  Why  this  discrepancy 
between  the  5000  volts  which  are  practically  used  in  arc  lighting 
and  the  1000  or  2000  volts  that  are  considered  the  limit  of  such 
machines  for  power  transmission  ?  Perhaps  the  first  answer  to 
this  question  would-be  to  say  that  the  current  is  limited ;  that  when 
we  have  5000  volts  we  cannot  have  more  than  10  amperes,  and  if 
we  want  more  amperes  we  must  have  less  volts ;  consequently 
the  number  of  watts  is  limited.  For  example,  the  machines 
which  I  cited  and  which  are  in  practical  and  successful  use  for 
arc  lighting  give  5()0U  volts  electromotive  force,  and  only  10  am- 
peres, and  consequently  have  a  capacity  of  50  kilowatts,  which  is 
a  small  power,  comparatively  speaking,  for  power  transmission, 
but  is  sufficient*  for  ordinary  arc  lighting  circuits.  That,  of 
course,  is  a  fairly  good  explanation  of  the  reason  why  such  ma- 
chines are  not  applicable  to  power  transmission.  But  is  there 
any  such  limit  as  10  amperes  to  the  current?  I  myself  always 
look  with  great  suspicion  and  doubt  upon  any  such  arbitrary  limit 
as  that.  Experience  has  shown  me  that  these  arbitrary  limits  are 
usually  imaginary.  Now,  it  is  a  fact,  however,  that  should  be 
added  to  the  historical  consideration  of  the  subject,  that  numer- 
ous attempts  have  been  made  to  employ  such  machines  for  power 
transmission  and  other  purposes,  and  it  cannot  be  said  that  those 
attempts  have  been  very  successful ;  in  fact,  it  can  be  said  that 
they  have  generally  been  unsuccessful,  but  that  is  merely  a 
negative  fact. 

In  considering  the  actual  construction  of  such  machines,  the 
first  point  is  insulation  which  must  be  above  suspicion.     The 
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ordinary  insulation  resistance  of  one  megohm  is  simply  nothing  for 
such  machines.  One  megohm  with  10,000  volts  would  allow  .01 
ampere  to  leak  which  would  give  100  watts  and  that  would 
rapidly  heat  and  destroy  the  insulation.  The  insulation  resist- 
ance should  be  at  least  100  megohms.  The  next  point  is  the 
commutator,  because  although  the  commutator  might  be  con- 
sidered the  most  important  feature,  as  a  matter  of  fact  we  must 
have  the  insulation  before  we  can  operate  the  machine  at  all, 
even  for  a  few  moments.  The  commutator,  of  course,  must  have 
a  large  number  of  sections.  It  must  have  a  considerable  thick- 
ness of  mica  insulation  between  the  bars,  more  than  is  ordinarily 
employed ;  I  should  say  about  one-tenth  of  an  inch.  On  the  end 
of  the  commutator,  where  there  exists  the  total  voltage  of  the 
machine  between  two  opposite  commutator  bars  and  the  metal 
ring  which  holds  the  bars  together,  we  require  very  much  more 
thickness  of  mica  insulation  or  some  other  insulation  than  is 
ordinarily  given,  at  least  J  inch.  The  next  point  is  the  material 
for  the  brushes,  and  I  have  found  in  that  particular  feature  the 
most  peculiar  and  important  differences.  In  the  first  place,  I  con- 
sider that  it  is  impossible  to  run  an  ordinary  mica-insulated  com- 
mutator with  copper  brushes  at  high  potentials,  the  reason  being 
that  the  film  of  copper  which  is  worn  off  of  the  copper  brushes 
by  the  mica  is  a  sufficiently  good  conductor  at  very  high  voltage 
to  carry  many  watts  of  current.  At  a  low  e.  m.  f.  we  do  not 
have  this  difficulty,  because  even  if  we  use  copper  brushes,  the 
film  of  copper  that  is  rubbed  on  to  the  surface  of  the  mica  would 
not  carry  a  sufficient  number  of  watts  to  cause  any  trouble,  but 
at  10,000  volts,  with  a  difference  of  potential  in  the  neighborhood 
of  100  volts  between  adjacent  bars,  the  film  of  copper,  even 
although  it  is  only  infinitesimally  thick,  is  sufficient  to  carry 
many  watts  of  current. 

I  have  found  that  with  a  potential  of  only  5,000  volts,  which  I 
have  experimented  with,  copper  brushes  could  not  be  used  for 
half  a  minute;  the  copper  would  rub  off  upon  the  mica  and 
immediately  produce  a  ring  of  fire  all  around  the  commutator. 
Naturally  one  would  use  carbon  brushes  in  such  a  case,  because 
the  current  is  small,  and  there  is  no  reason  why  we  should  not 
use  them.  In  regard  to  carbon  brushes,  I  have  also  found  that 
hard  carbon  is  better,  for  the  reason  that  it  does  not  produce  a 
deposit  or  layer  of  carbon  on  the  commutator  which  might  pro- 
duce somewhat  the  same  effect  as  copper,  but  not  to  the  same 
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degree,  because  carbon  is  a  much  poorer  conductor  than  copper. 

I  have  found  that  carbon  brushes,  with  a  comparatively  small 

area  of  contact  and  a  fairly  strong  pressure,  not  very  great,  but 

sufficient  to  insure  good  contact,  seem  to  give  the  best  results. 

The  machines  I  have  actually  constructed  are  two.     The  first 

was  a  small  machine  of  one  horse  power  capacity,  the  armature 

being  of  the  toothed  type.     Some  persons  may  think  that  form 

is  exactly  wrong,  but  the  results  do  not  seem  to  show  that  such 

is  the  case.     It  was    very  perfectly  insulated  with  mica,  and 

wound  with   double  silk-covered  wire.      The  potential   of  that 

machine  was  designed  to  be  5,000,  and  I  have  succeeded,  by 

slightly  raising  the  speed,  in  getting  5,500  volts  from  it.     It  had 

only  32  commutator  bars.     That  machine  is  remarkable  in  the 

fact  of  its  high  voltage  compared  with  its  size,   the  armature 

being  only  seven  inches  in  diameter  and  six  inches  long.     The 

average  difference  of  potential  between  adjacent  commutator  bars 

5500 
was  — — .  =  344  volts,  and  the  maximum  was  500  volts  by  actual 

measurement.  It  is  interesting  to  compare  this  figure  of  344 
volts  with  that  given  in  the  ordinary  rule  for  average  potential 
difference  between  commutator  bars  which  is  20  volts.  This 
machine  is,  of  course,  not  a  very  practical  one,  but  it  shows  what 
can  actually  be  done,  and  it  has  been  run  perfectly  satisfactorily 
for  hours  at  5,000  volts,  and  for  an  hour  and  a  half  at  5,500 
volts. 

The  next  machine,  which  is  more  practical,  is  of  five  horse- 
power capacity,  and  designed  to  generate  10,000  volts.  It  did 
generate  about  10,000  volts  at  the  calculated  speed,  and  gave  11,- 
000  volts  at  a  little  higher  speed  which,  however,  was  only  1,800 
revolutions  per  minute  and  therefore  perfectly  practical.  This 
machine  has  108  commutator  bars,  a  much  more  appropriate 
number  for  such  a  voltage.  The  current  of  this  machine  was  in- 
tended to  be  between  three  and  four-tenths  of  an  ampere,  which 
gives  about  its  capacity.  It  must  be  remembered  that  those  ma- 
chines do  not  quite  give  their  full  capacity,  owing  to  the  fact  that 
the  wire  is  extremely  small  and  therefore  the  percentage  of  cop- 
per in  the  winding  is  small,  considerable  space  being  occupied  by 
the  double  silk  covering.  The  current  actually  obtained  from 
these  machines  was  about  two-thirds  of  their  rated  capacity.  It 
would  be  unfair  to  deny  the  fact  that  there  is  sparking  when  we 
approach  the  full  current  capacity,  and  I  think  at  the  full  cur- 


CROCKER  ON  DIBEOT  CURRENT  DYNAMOS.  407 

rent  capacity  the  sparking  would  be  too  great.  These  machines 
do  not,  however,  have  the  slightest  indication  of  sparking,  when 
running  on  open  circuit.  Even  the  large  machine,  when  gene- 
rating 11,000  volts,  does  not  show  the  least  spark  or  effect  of 
that  enormously  high  potential. 

The  practical  precautions  to  be  observed  in  constructing  or  op- 
erating a  machine  of  this  kind  are : 

The  insulation  should  be  made  very  perfect  and  kept  so.  If  the 
weather  is  moist,  it  would  be  unwise  to  start  up,  with  the  ma- 
chine cold.  It  should  be  previously  warmed  up  and  thoroughly 
dried  by  a  current  of  hot  air  or  by  passing  through  its  armature 
an  electric  current  which  should  be  regulated  so  that  it  does  ex- 
ceed the  normal  armature  current.  The  commutator  should  be  of 
large  diameter  having  a  large  number  of  sections  and  its  surface 
should  be  kept  perfectly  smooth,  in  fact  polished.  The  brushes 
should  be  carbon  of  fine  grain.  They  should  be  fairly  hard,  but  not 
gritty  or  "glass  hard."  A  "wiper"  or  pad  of  asbestos  may  be 
pressed  upon  the  commutator  close  to  each  brush  to  destroy  any 
spark  that  may  be  formed.  The  potential  of  the  frame  of  the 
machine  and  the  armature  core  should  be  kept  half  way  between 
the  potentials  of  the  two  brushes.  This  minimizes  the  tendency 
for  the  insulation  to  be  broken  down.  If  the  potential  of  the 
frame  is  equal  or  nearly  equal  to  that  of  either  brush,  there  is 
a  very  much  greater  risk  of  puncturing  the  insulation.  In  any 
well  insulated  machine  the  potential  of  the  frame  naturally  set- 
tles about  half  way  between  the  extreme  potentials.  If  desired 
the  potential  may  be  forced  to  be  maintained  at  that  point  by  ac- 
tually connecting  the  frame  to  the  middle  point  of  the  commu- 
tator or  in  some  other  manner. 

Both  of  the  machines  which  I  have  described  are  in  perfect 
working  condition  and  can  be  seen  in  the  Electrical  Engineering 
Laboratory  of  Columbia  College,  New  York. 

Finally,  in  regard  to  the  applications  of  these  machines,  I  would 
say  that  the  purpose  to  which  I  have  applied  them  has  been 
ordinary  experimental  work.  For  example,  one  of  them,  run- 
ning at  3,000  or  4,000  volts,  will  light  a  Geissler  tube  very 
beautifully.  It  will  produce  any  of  the  so-called  electrostatic 
effects,  that  is  to  say,  effects  produced  by  very  high  potential  and 
small  quantity.  It  will,  for  instance,  act  very  much  like  an  elec- 
trostatic machine  or  a  f  rictional  machine,  and  produce  attraction 
and  repulsion  of  pith  balls,  etc.     Another  purpose  to  which  the 
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machine  is  applicable  is  the  testing  of  insulation,  and,  in  fact, 
that  is  the  principal  use  for  which  I  made  it.  It  might  be  asked 
why  not  use  a  high  potential  transformer  for  this  purpose,  as 
being  more  convenient  and  not  having  a  commutator  ?  I  answer 
by  saying  that  I  do  not  think  it  is  the  same  test.  If  the  wire  is 
exposed  to  a  direct  current  strain,  I  do  not  think  an  alternating 
current  test  is  proper.  If  a  wire  is  subjected  to  a  direct  current 
strain,  it  should  be  subjected  to  a  direct  current  test.  If  it  is 
subjected  to  an  alternating  current  strain,  it  should  be  subjected 
to  an  alternating  current  test.  The  other  application  is,  of  course, 
power  transmission,  and  I  would  say  that,  of  course,  it  is  not 
necessary  to  have  the  total  voltage  generated  by  one  machine. 
In  any  plant  no  one  dynamo  should  constitute  more  than  a  com- 
paratively small  fraction  of  the  total  plant,  and  if  there  are  four 
or  five  dynamos  in  a  power  transmission  station,  there  is  no 
reason  why  they  should  not  be  connected  in  series  as  well  as  in 
parallel,  and  thus  sub-divide  the  potential.  Each  machine  can 
generate  a  few  thousand  volts,  two  to  five,  and  the  total  voltage 
could  be  obtained  by  the  proper  connection  of  several  machines 
in  series. 


Dr.  N.  S.  Keith,  of  San  Fransiscu : — I  am  glad,  Mr.  President 
and  gentlemen,  to  l>e  able  to  controvert  Professor  Crocker's 
statement  that  there  has  been  no  practical  application  of  high 

fotentials  for  power  transmission,  and  also  to  be  able  to  comfirm 
is  prognostication  that  such  a  thing  can  be  done.  I  will  briefly 
state  wnat  has  been  done  upon  the  Pacific  Coast  within  the  past 
six  years  in  the  way  of  transmission  of  power  for  practical  pur- 
poses. In  1887  I  constructed  for  the  Pacific  Power  Company, 
in  San  Francisco,  four  dynamos,  each  having  a  capacity,  or  an 
output,  of  40  horse  power,  or  30,000  watts.  This  was  divided 
into  a  potential  of  2,000  volts  and  15  amperes.  The  dynamos 
were  wound  in  shunt,  simply.  Practice  has  shown  since  that  a 
slight  compounding  is  necessary.  I  hold  in  my  pocket  a  certifi- 
cate from  the  Pacific  Power  Company,  written  only  last  month, 
stating  that  these  dynamos  have  been  in  constant  use  for  the  last 
six  years  commercially  and  successfully.  In  1890,  three  yeare 
ago,  the  power  transmission  by  this  system  was  very  largely  in- 
creased. They  were  first  operated  from  Brush  arc-light  dyna- 
mos, coupled  up  for  currents  of  20  amperes,  or  rather  21  jf,  as 
they  were  practically  run.  The  voltage  was  approximately  1,200 
to  1,500.  This  has  been  increased  as  the  commercial  uses  of  such 
motors  have  increased,  to  the  extent  of  putting  four  of  these 
Brush  dynamos  into  a  series,  so  that  the  potential  differences  be- 
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tween  the  extremes  reaches  at  times  to  more  than  5,000  volts. 
This  system  has  been  working  continually  and  practically.  It  is 
supplying  motors  in  San  Francisco  approximating  1,000  horse 
power  in  capacity ;  in  fact,  to-day  in  San  Francisco  there  are  but 
a  very  few  motors,  five  or  six  all  told,  that  are  run  by  any  other 
system.  I  need  not  make  a  statement  of  the  conditions  which 
led  to  this  introduction.  There  are  other  power  transmissions  by 
this  system  in  other  places  in  the  State.  I  only  mention  these 
as  illustrations.  I  have  installed  at  a  mine  in  the  State  of  Wash- 
ington a  power  transmission  plant  running,  up  to  2,000  volts,  at 
times,  witn  40  amperes,  and  it  has  met  with  no  difficulties.  I 
have  also  in  another  portion  of  California  a  power  transmission 
running  up  to  nearly  2,000  volts  and  30  amperes,  with  no  troubles 
at  the  commutator.  All  that  seems  to  be  necessary  is  to  make 
the  commutator  in  a  proper  way,  after  taking  care  of  the  insula- 
tion. The  insulation  has  to  be  practically  perfect.  The  commu- 
tators have  been  made,  not  with  wide  spaces  between  them,  but 
with  the  ordinary  spaces,  such  as  would  be  used  in  dynamos  of 
lower  potential,  but  the  number  of  sectors  have  been  increased. 
On  the  2,000  volts  15  amperes  plant,  the  number  of  commutator 
sectors  is  84 ;  on  another  of  70  norse  power,  2,500  volts  and  21£ 
amperes,  the  number  of  segments  is  150.  So  the  difference  of 
potential  between  any  two  segments  does  not  exceed  about  30 
volts.  I  have  in  my  pocket  a  certificate  from  a  man  who  has 
charge  of  one  of  those  dynamos,  which  has  an  output  capacity  of 
70  horse  power,  saying  that  it  is  the  prettiest  running  commutator 
he  ever  saw.  I  need  not  consider  the  system  of  regulation,  be- 
cause time  will  not  allow  me  to  do  so ;  but  I  will  be  pleased  to 
show  to  any  members  of  the  Congress,  after  the  meeting,  or  at 
any  time  during  this  or  the  next  week,  some  of  the  motors,  and 
describe  to  them  the  full  details  of  this  svstem  which  is  in  such 
eminent  practical  operation  on  the  Pacific  Coast.  I  am  aware 
that  nothing  like  this  in  this  East  has  been  accomplished,  though 
many  efforts  have  been  made  in  that  direction.  The  experi- 
mentors  have,  I  believe,  been  unsuccessful  where  currents  ex- 
ceeding 10  amperes  were  used,  and  where  the  volts  exceed  2,000 
or  3,000. 

The  Chairman  : — I  will  ask  Prof.  Silvanus  P.  Thompson  to 
close  the  discussion  on  Prof.  Crocker's  paper  for  the  present, 
and  then  I  will  call  on  Dr.  Louis  Duncan  to  open  the  discussion 
on  Multiphase  Motors,  and  the  Transmission  of  Power  and  any 
further  discussion  desired  upon  Prof.  Crocker's  paper  will  then 
come  up. 

Prof.  Thompson  : — I  would  rather  reserve  what  I  have  to  say 
on  the  main  subject  until  I  hear  what  Dr.  Duncan  has  to  say,  but 
I  take  the  opportunity  to  remark  that  we  have  here  among  us 
a  delegate  irom  Switzerland,  M.  Thury,  who  is  well  known 
to  all  of  us.  M.  Thury  is  at  the  present  moment  writing 
down  the  details  of  five  separate  installations  in  Switzerland 
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where  power  is  transmitted  at  high  voltage,  by  direct  currents, 
which  he  will  give  you  later. 

The  Chairman  : — I  will  now  ask  Dr.  Louis  Duncan,  of  the 
Johns  Hopkins  University,  of  Baltimore,  to  open  the  discussion 
on  "  Multiphase  Motors  and  Power  Transmission." 


MULTIPHASE  MOTORS  AND  POWER 

TRANSMISSION. 


BY   DR.    LOUIS   DUNCAN. 

Professor  at  Johns  Hopkins  University,  Baltimore,  Md. 


It  is  best  perhaps  to  explain  how  this  discussion  on  the  electri- 
cal transmission  of  power  has  come  about.  The  question  is  one 
of  the  most  important,  if  not  the  most  important,  confronting 
electrical  engineers.  Looking  over  the  list  of  papers  to  be  read 
before  the  congress  it  was  found  that  none  of  them  took  up  the 
question  of  multiphase  systems  and  the  transmission  of  power. 
We  have  among  us  a  number  of  gentlemen  who  have  had  practi- 
cal experience  in  the  field  and  in  the  shop,  as  well  as  those  who 
have  a  theoretical  acquaintance  with  the  subject,  and  if  they  will 
contribute  their  knowledge  to  the  discussion,  much  useful  infor- 
mation will  be  brought  out.  I  do  not  think  that  any  of  us  wish 
to  conceal  anything  and  there  are  many  of  us  to  whom  it  will  be 
not  merely  interesting,  but  important  to  know  the  exact  position 
of  power  transmission  and  distribution,  the  advances  that  are 
being  made,  and  the  possibilities  of  the  future. 

To  begin  the  discussion  I  will  briefly  describe  the  working  of 
a  two-phase  motor.  Suppose  we  obtain  from  any  source  two 
independent  alternating  currents  of  a  phase  difference  of  90°  and 
suppose  that  these  currents  are  used  to  magnetize  the  fields  of  a 
four-pole  machine,  one  circuit  being  around  the  poles  1,  V  and 
the  other  around  2,  2'.  Put  in  the  field  thus  formed  an  armature 
wound  with  coils  short  circuited  on  themselves.  Consider  the 
armature  at  rest  and  let  us  think  what  happens  when  we  try  to 
start  it.  Let  one  of  the  armature  wires  be  in  the  position  a  at 
the  instant  that  the  current  around  1,  V  is  zero  and  that  around 
2,  2'  a  maximum.     The  variation  of  the  induction  through  the 
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armature  coils,  due  to  the  poles  1, 1'  will  be  a  maximum,  because 
the  current  around  1,  V  is  passing  through  zero ;  and  the  e.  m.  f. 
in  a  will  be  greater  than  that  of  any  other  coil  because  it  is  at 
right  angles  to  the  field  1,  1'.  No.  e.  m.  f.  will  be  induced  by 
2,  2'  because  it  is  a  maximum  and  is  not  varying.  In  the  arma- 
ture, then,  we  have  the  greatest  e.  m.  f.  in  a  and  there  will  be 
none  at  all  in  b;  that  in  the  other  coils  gradually  decreasing 
from  a  to  b  according  to  a  sine  curve. 

The  direction  of  the  magnetic  field  is  across  2,  2'  and  if  the 
armature  is  not  moving  we  have  the  apparently  desirable  condi- 
tion of  an  armature  in  a  field,  with  the  e.  m.  f.'s  in  the  armature 
coils  so  distributed  that  we  get  the  greatest  e.  m.  f.  exactly  in  the 
coils  where  it  will  do  the  most  good,  and  if  the  currents  were  in 
the  same  phase  with  the  impressed  e.  m.  f.  we  would  have  for  a 
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Fig.  1 


two  phase  motor  a  larger  starting  torque  for  the  same  ai  mature 
heating  than  in  a  similar  continuous  current  machine.  Unfortu- 
nately the  currents  do  not  agree  in  phase  with  the  impressed 
e.  m.  f.,  but  lag  behind  by  an  angle  which  in  the  case  we  are  con- 
sidering— that  of  a  stationary  armature — is  0  =  tan-1  —75-,  the 
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time  lag  being ,  t  being  the  periodic  time.    Now  while  the 
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current  is  reaching  its  maximum  the  condition  of  affairs  in  the 
circuits  1,  1/  and  2,  2'  has  changed.  The  current  in  1,  1  ''has 
increased  and  that  in  2,  2'  has  decreased  and  the  resultant  field 
has  reached  some  position  3, 3'.  The  result  then  is  this :  When 
we  attempt  to  start  a  two  phase  motor  the  currents  in  the  arma- 
ture coils  are  not  in  the  best  position  respecting  the  resultant 
field,  but  the  conditions  are  approximately  those  of  a  continuous 
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current  motor  whose  brushes  are  displaced  from  the  proper  point 
of  commutation.  It  will  take  more  current  to  get  the  same 
torque  and  in  most  motors  it  takes  very  much  more.  To  remedy 
this  trouble  there  are  two  plans  employed,  the  object  of  one  of 
them  being  to  decrease  1,  the  other  to  decrease  b.  The  Stanley 
Company,  to  decrease  the  armature  self-induction,  embeds  in  the 
fields,  short  circuited  coils  of  copper ;  they  also  increase  r  by 
throwing  a  resistance  in  the  armature  circuits.  I  cannot  say  that 
the  anti-self-induction  device  greatly  appeals  to  me.  If  the  pole 
space  necessarily  left  vacant  were  filled  with  iron  I  think  it  prob- 
able that  the  effect  would  be  greater  than  with  the  present 
arrangement.  For  the  other  companies  they  generally  content 
themselves  with  increasing  r  by  a  resistance  which  is  cut  out  as 
the  motor  gets  up  to  speed.  Another  excellent  device  is  an 
auxiliary  transformer  which  lowers  the  applied  p  d,  just  as  we 
have  to  lower  the  p  d  at  the  brushes  of  a  continuous  current 
machine  by  a  resistance.  However,  no  matter  what  devices  are 
used  I  think  it  may  be  positively  stated  that  every  polyphase 
motor  now  on  the  market  takes  much  more  current  to  give  the 
same  starting  torque  than  a  corresponding  continuous  current 
motor  and  this  is  one  of  the  important  objections  to  the  system, 
especially  when  such  motors  are  run  on  the  same  circuits  with 
lamps.  The  large  current  used  on  starting  causes  such  a  drop  on 
the  mains  that  the  lamps  are  affected. 

Consider  now  what  happens  when  the  armature  is  in  motion. 
Referring  to  the  figure,  the  coil  a  will  now  have  two  e.  m.  f.'s 
impressed  on  it,  besides  that  of  self-induction.  One — of  which 
we  have  been  speaking — is  due  to  the  variation  of  the  current  in 
1,  1/,  the  other  is  due  to  the  motion  of  a  in  the  field  2,  2'.  The 
latter  is  a  maximum  when  the  former  is  a  maximum  and  is  zero 
when  the  former  is  zero  so  that  their  resultant  is  a  maximum  in  the 
coil  a  under  the  conditions  we  have  been  considering,  that  is  with 
1, 1/  zero,  and  2',  2'  a  maximum.  Our  armature  current  is,  how- 
ever, in  a  better  position  than  when  the  armature  was  at  rest,  for 
while  the  resultant  field  is  moving  around,  the  wire  a  is  also 
moving  and  when  the  current  reaches  its  maximum  it  is  much 
nearer  the  field.  A  little  elementary  mathematics  will  show  that 
the  revolution  of  the  armature  has  the  same  effect  as  making  the 

lag  of  the  armature  a  current,  0  =  tan  (p—pf)  -~  where^j  is  the 
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angular  velocity  of  the  field  and  p'  that  of  the  armature,  instead 


414  D  UNCA  N  ON  MULTIPHASE  M01VRS. 

of  ¥—-  as  when  the  armature  was  stationary.     Now  the  electrical 

efficiency  of  the  machine  is  -?-,  so  if  its  efficiency  is  great  the  lag 

is  small  and  the  motor  should  work  well. 

This  is  the  elementary  theory  of  the  machine,  but  there  are 
some  points  of  apparently  theoretical  importance  which  I  believe 
are  of  immense  practical  importance,  and  which  are  just  begin- 
ning to  be  understood.     I  have  said  that  the  efficiency  of  the 

motors  is  -2L  and  this  is  true  if  the  applied  e.  m.  f.'s  and  counter 

e.  m.  f.'s  are  simple  sine  curves.  Suppose  for  example  that  the 
field  inductions  followed  the  field  currents  and  that  the  field 
currents  have  a  fundamental  period  of  -^  sec,  together  with 
upper  harmonies  of  -fo  sec.  and  ^  sec.  Then,  very  roughly, 
if  the  armature  period  was  \  sec.  the  efficiency  of  the  energy 
of  the  fundamental  period  would  be  90  per  cent.,  of  the 
third  harmonic  30  per  cent.,  and*  of  the  fifth  harmonic  18 
per  cent.  Broadly  we  may  say  that  the  upper  harmonics  will 
decrease  the  efficiency  of  the  motor.  It  is  not  enough  to  apply 
a  sine  k.  m.  f.  to  the  motor,  but,  the  motor  must  be  so  constructed 
that  a  sine  e.  m.  f.  applied  to  it  will  give  a  uniform  rotating  field, 
and  the  currents  induced  in  the  armature  must  follow  sine 
curves.  It  is  the  appreciation  or  partial  appreciation  of  these 
facts  which  has  made  the  polyphase  motor  a  successful  or  partially 
successful  machine  instead  of  the  practical  failure  it  was  a  few 
years  ago.  Broadly  the  difficulties  still  to  overcome  are  the 
excessive  current  required  in  starting  and  the  loss  in  output  and 
efficiency  due  to  faulty  design.  As  it  stands,  successful  machines 
are  being  made  and  they  will  be  improved. 

Now,  there  is  another  piece  of  machinery  that  is  of  very  great 
importance  in  this  work  and  which  I  hope  may  be  discussed,  and 
that  is  the  so-called  rotary  transformer.  You  can  use  it  as  a 
power  transformer,  or  you  can  supply  it  with  an  alternating  cur- 
rent and  take  a  continuous  current  from  it,  or  you  can  use  it  to 
transform  the  current  and  to  give  out  power  at  the  same  time. 

Suppose  you  have  an  ordinary  four  pole  machine,  the  potential 
at  any  particular  wire  in  that  machine  will  follow  a  sine  curve. 
The  potential  of  any  fixed  point  in  space,  for  example,  the  point 
of  commutation,  will  be  constant.  Now,  suppose  we  have  an 
armature  going  at  a  certain  speed  in  the  field  of  a  four  pole  ma- 
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chine,  then,  as  I  say,  in  a  particular  wire  we  have  this  curve. 
Suppose  we  connect  to  that  particular  wire,  one  of  the  terminals 
of  a  two-phase  circuit,  and  suppose  at  the  same  time  our  electro- 
motive force  applied  varies  just  as  the  potential  of  the  wire  does, 
but  this  applied  electro-motive  force,  we  will  say,  is  just  a  little 
higher  than  the  potential  of  the  wire.  Now,  what  will  be  the 
result?  Suppose  I  put  a  brush  at  a  (Fig.  2).  Suppose  I  fasten 
to  the  commutator  bar  on  which  the  brush  rests  at  this  instant, 
the  wire  to  which  one  of  the  two  phase  leads  is  attached.  Then 
we  have  a  current  coming  in  from  our  two-phase  machine,  and 
say  the  voltage  at  a  is  -f-  250  and  the  instantaneous  value  of  the  al- 
ternating e.  m.  f.  at  c  is  +  252 ;  the  current  would  come  in  at  c  and 


Fig.  2. 

go  directly  out  at  a.  In  this  particular  case  the  current  does  not 
go  through  the  conductors  of  the  armature ;  it  goes  directly  to 
the  outside  circuit.  Part  of  the  current  again  goes  down  to  d 
because  our  applied  voltage  is  a  little  higher  than  that  of  the 
armature,  and  fit  works  against  the  electromotive  force  of  the 
armature,  and  therefore,  drives  the  machine  as  a  motor.  Now, 
suppose  that  the  wire  comes  down  in  the  position  e.  We  have 
then  part  of  the  two-phase  current  passing  through  the  portion  of 
the  armature  from  e  to  a ;  this  portion  of  the  armature  then  acts 
as  a  dynamo.  Part  of  the  current  will  pass  around  to  f.  The 
portions  of  the  armature  from  e  to  a  and  from  b  tof  act  as  a  dy- 
namo,  the  rest  as  a  motor   (I  am    only  considering  half  the 
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machine).  There  is  one  thing  to  be  remembered,  and  that  is  this : 
the  current  that  passes  to  the  external  continuous  current  circuit, 
does  net  pass  through  the  whole  of  the  armature,  and  this  is  very 
important,  because  an  important  question  is,  how  much  energy 
can  be  transformed  by  say,  a  100  horse  power,  four-pole  railroad 
generator,  by  converting  it  into  one  of  these  machines.  Can  you 
transform  a  60  or  150  horse  power?  Here  is  another  question 
which  I  hope  will  be  discussed  by  the  advocates  of  the  two  or 
three-phase  system  Suppose  you  have  a  100  horse  power  ma- 
chine, can  you  transform  more  energy  with  a  three  phase  machine 
than  with  a  two,  and  if  so,  in  what  proportion  ? 

Now,  we  have  here  representatives  of  several  of  the  companies, 
engaged  in  power  transmission,  and  we  also  have  some  gentlemen 
who  have  had  practical  experience  with  different  methods,  and  I 
trust  that  the  discussion  will  be  simple  and  straightforward,  and 
that  nobody  will  be  afraid  to  say  exactly  what  he  means  and  say 
it  very  simply. 


The  Chairman  then  introduced  Mr.  Charles  F.  Scott,  of  Pitts- 
burg, who  spoke  as  follows  : 


EXHIBIT  OF  TESLA  POLYPHASE  SYSTEM  AT  THE 

WORLD'S  FAIR. 


BY    C.    F.    SCOTT,    OF   PITTSBURG,    PA. 


An  exhibit  of  power  transmission  at  the  World's  Fair  which  is 
of  exceptional  interest,  is  the  Tesla  polyphase  system  which  con- 
stitutes a  part  of  the  exhibit  of  the  Westingliouse  Electric  and 
Manufacturing  Company,  in  Electricity  Building.  The  exhibit 
includes  generators,  motors,  transformers,  and  other  apparatus  of 
various  sizes  and  types.  The  system  itself  is  not  new  in  its  gen- 
eral plan.  There  are  but  few  features  of  novelty  in  the  electri- 
cal system  which  have  not  been  the  subjects  of  publications  of 
patents.  The  purpose  of  the  exhibit  is  not  so  much  to  bring 
out  what  is  novel  in  electrical  invention  as  it  is  to  give  a  com- 
plete exhibit  of  commercial  machinery  constituting  the  elements 
of  a  power  system  on  a  large  scale.  The  exhibit  will  attract 
practical  electrical  engineers  rather  than  those  who  are  interested 
only  in  electrical  inventions. 

The  purpose   of  the  exhibit  is  therefore  to  show  a  complete 
working  system  for  generating,  transmitting,  and   distributing 
power  on  a  large  commercial  scale.     The  system  includes, 
I.     A  prime  mover. 
II.     A  generating  dynamo. 

III.  Raising  converters  and  transmission  line  and  reducing 
converters. 

IV.  Motors  and  rotary  transformers  for  general  power  and 
electrical  service. 

The  prime  mover  in  general  practice  is  water  power,  but  in 
the  present  plant  a  500  n.  p.  two-phase  Tesla  motor  of  the  rotary 
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field  type  serves  as  &  prime  mover.  The  current  for  this  motor 
is  received  from  one  of  the  750  k.  w.  two-phase  Westinghouse 
generators  of  the  lighting  plant  in  Machinery  Hall.  The  num- 
ber of  alternations  is  7200,  and  the  pressure  is  reduced  from  2000 
volts  to  200  volts  before  being  delivered  to  the  motor.  The  cur- 
rent i6  delivered  to  the  rotating  element  of  the  motor  through 
brushes  resting  on  four  collecting  rings.  The  winding  i6  a  drum 
winding  laid  in  small  slots  in  the  surface.  The  stationary  ele- 
ment of  the  motor  is  of  laminated  iron  set  in  an  outside  casting. 
Large  copper  rods  are  run  through  holes  in  the  iron  plates  near 
the  inner  surface  and  are  suitably  connected  at  the  ends.  Resist- 
ances are  put  in  circuit  with  this  winding  for  starting  the  motor, 
and  when  6peed  is  attained,  these  resistances  are  short-eireuited, 
leaving  this  winding  completely  closed  on  itself. 

The  motor  drives  a  500  h.  p.  two-phase  alternating  current 
generator.  This  machine  is  of  ordinary  type  of  railway  generator. 
There  is  afield  of  six  poles  which  fs"  exhibited  by  a  small  direct 
current  machine  driven  by  a  5  h.  p.  two-phase  Tesla  motor  of 
the  rotary  field  type.  The  exciter  in  general  practice  would  be 
driven  by  a  water  wheel.  The  large  generator  delivers  from 
four  collecting  rings,  two  currents  differing  in  phase  90  de- 
grees. The  number  of  alternations  is  about  4,000  per  minute,  or 
33  \  periods  per  second,  at  a  potential  of  360  volts  on  eaeh  cir- 
cuit. The  machine  is  also  provided  with  a  direct  current  commu- 
tator connected  with  the  same  winding,  delivering  current  at  500 
volts.  This  commutator  would  not  be  used  when  the  machine  is 
intended  as  an  alternating  current  generator  only.  The  current 
from  this  machine  is  delivered  to  a  marble  switch-board  where  it 
is  regulated  and  connected  with  the  various  transmission  circuits, 
as  desired.  This  board  will  afford  facilities  for  connecting  var- 
rious  circuits  with  any  one  of  the  several  generators  which  may 
be  placed  in  a  large  generating  station.  The  current  from  the 
6 witch-board  is  received  by  alternate  current  converters,  or 
transformers  by  which  the  potential  is  raised  in  the  present  plant 
to  1,200  volts.  In  practice,  the  transformation  would  l>e  to  a 
much  higher  voltage,  depending  upon  the  distance  of  transmis- 
sion. The  transmission  circuit  conveys  the  current  to  the  re- 
ceiving  station,  where  it  is  reduced  by  transformers  to  electro 
motive  forces  appropriate  to  the  machines  to  be  supplied.  The 
current  passes  through  a  marble  switch-board  in  which  there  are 
suitable  provisions  for  operating  the  various  machines  in  the 
receiving  station. 
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The  largest  machine  in  this  station  is  a  500  h.  p.  two-phase 
Tesla  motor  and  rotary  transformer.  This  machine  is  similar  in 
general  construction  to  the  generator  above  described.  The 
alternating  current  at  360  volts  is  passed  into  four  collecting 
rings  on  the  armature.  Special  connections  of  the  field  circuit 
are  made  for  starting  the  machine,  and  when  the  motor  has 
attained  full  speed,  a  switch  is  turned  giving  the  final  connections 
and  running  the  machine  as  a  self-exciting  synchronous  motor, 
which  maintains  the  exact  speed  of  the  generator  by  which  it  is 
driven  except  in  cases  of  extreme  overload.  The  armature  of 
this  machine  is  provided  with  a  double  pulley  with  belts  driving 
a  Worthington  pump  and  a  40  light  Westinghouse  alternating 
current  arc  light  dynamo.  The  armature  is  supplied  with  a 
direct  current  commutator,  connected  with  the  same  winding 
which  receives  the  alternating  current,  and  delivers  direct  cur- 
rent at  a  potential  of  500  volts.  This  current  is  utilized  for 
operating  two  30  n.  p.  street  railway  motors  mounted  upon  a 
standard  Dorner  &  Dutton  truck,  and  also  a  60  h.  p.  direct  cur- 
rent motor  mounted  upon  an  Ingersoll-Sergeant  air  compressor. 
The  direct  current  ako  supplies  a  series  of  direct  current  constant 
potential  arc  lamps.  The  current  from  the  switch-board  is  also 
carried  directly  to  a  60  h.  p.  two-phase  motor  and  rotary  trans- 
former, which  receives  the  current  at  36  volts  and  delivers  direct 
current  at  50  volts  adapted  to  electrolytic  work,  charging  of 
storage  batteries,  and  is  at  present  used  for  operating  the  large 
Schuckert  search  light  in  an  adjoining  space.  The  current  from 
the  switch-board  also  operates  a  6o  h.  p.  two- phase  Tesla  motor 
of  the  synchronous  type,  which  is  adapted  for  any  kind  of  con- 
stant speed  work.  In  the  present  exhibit,  it  is  direct  coupled  to 
a  45  k.  w.  slow  speed  alternator  of  the  constant  potential  type 
used  for  incandescent  lighting.  Current  from  the  switch-board 
is  also  directly  utilized  for  supplying  incandescent  lamps. 

It  is  commonly  recognized  that  the  mechanical  design  and 
workmanship  upon  electrical  apparatus  has  fully  as  important  a 
bearing  upon  its  successful  operation  as  the  electrical  design.  In 
fact,  in  actual  experience,  it  is  found  that  electrical  enterprises 
which  have  failed  or  have  been  unsuccessful  have  been  deficient 
usually  in  mechanical  rather  than  in  electrical  elements.  It  is 
therefore  of  especial  importance  to  note  the  mechanical  features 
of  a  new  system  and  to  observe  whether  simplicity  and  strength 
and  durability  are  insured.     Visitors  to  the  present  exhibit  are 
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struck  with  the  general  similarity  in  construction  of  the  machines 
employed  for  widely  different  electrical  purposes.  The  general 
form  and  construction  of  the  large  Tesla  motor  of  the  rotating 
Held  type,  the  alternate  current  generator,  the  alternate  current 
motors,  the  rotary  transformers,  the  alternating  current  arc  ma- 
chine, and  the  constant  potential  alternator  have  the  appearance 
of  general  similarity. 

The  main  castings  are  two  in  number.  The  lower  one  contains 
half  of  the  field  magnets  and  the  bearings  for  the  armature  shaft. 
This  simple  form  insures  rigid  bearings  for  the  armature.  The 
upper  casting  contains  the  remainiug  field  magnets.  The  field 
magnets  are  made  of  laminated  soft  steel  plates  of  high  permea- 
bility, which  are  cast  into  the  yoke  of  the  machine.  The  arma- 
ture is  built  up  of  thin  disks  of  soft  steel  with  grooves  in  the  sur- 
face for  receiving  the  windings.  The  armatures  are  drum  wound 
with,  in  general,  large  conductors,  placed  in  special  heavy  insul- 
ating tubes  through  the  slots.  This  construction  affords  excellent 
insulation  and  protection  of  the  wires,  and  the  strains  upon  the 
wires,  which  in  case  of  sudden  heavy  loads  or  short-circuits,  may 
be  very  great,  are  transmitted  directly  to  the  iron  core  without 
chance  for  slipping  or  abrasion.  In  general,  no  band  wires  are 
required.  The  winding  and  connections  af  the  armature  of  the 
multipolar  machines  for  delivering  direct  current  are  such  that 
there  are  alwrays  two  and  only  two  parts  of  the  winding  in  mul- 
tiple. This  insures  electrical  symmetry  which  prevents  the  im- 
proper distribution  of  current  in  the  armature  conductors  which 
would  result  if  there  were  a  greater  number  of  armature  circuits 
in  multiple  and  the  armature  should  get  slightly  out  of  center 
from  excessive  wear  in  the  bearings,  or  other  cause 

Attention  is  called  to  these  points  of  simplicity  and  solidity  of 
construction  because  they  are  so  vital  to  the  success  of  electrical 
working,  and  because  the  general  improvement  which  is  con- 
stantly being  made  in  the  mechanical  development  of  eleptrical 
apparatus  has  been  fully  utilized  in  the  design  of  this  system.  It 
is  much  to  the  credit  of  the  system,  and  confidence  in  its  success 
is  assured  for  the  very  reason  that  it  uses  and  makes  but  slight 
modification  in  types  of  machines  which  have  been  woiked  out 
in  practice  in  other  lines  of  service. 

This  system  possesses  characteristics  which  adapt  it  to  a  wide 
field  of  service,  as  it  combines  the  requisites  for  transmitting 
power  over  long  distances  and  for  transforming  it  into  suitable 
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forms  for  distribution  and  application  to  a  wide  range  of  uses. 
The  employment  of  the  alternate  current  transformer  permits  the 
use  of  low  potential  machines  securing  greater  cheapness,  efficiency, 
and  a  higher  factor  of  safety,  than  is  possible  with  high  potential  ma- 
chines. By  the  use  of  alternating  current  the  difficulties  in  con- 
struction and  operation,  which  are  inherent  to  commutators,  are 
avoided  on  generators  and  motors.  The  low  pressure  of  the 
machines  is  readily  tranformed  to  potentials  adapted  to  great  dis- 
tances. The  alternating  current  supplies  two-phase  motors  of 
either  tlie  rotary  field  non-synchronous  type  of  the  synchronous 
type,  and  the  rotary  transformer  transforms  alternating  into 
direct  current.  The  work  of  this  machine  is  equivalent  to  that 
of  an  alternating  current  motor  driving  a  direct  current  gene- 
rator. The  two  armatures,  however,  have  been  combined  in  one 
and  placed  in  one  field,  and  not  only  is  the  second  machine  eli- 
minated, but  the  output  of  the  single  machine  is  greater  than  that 
of  the  two  machines  together,  and  the  efficiency  is  increased  and 
the  commutation  of  a  greater  current  is  readily  effected. 

The  alternating  current  circuits  can  supply  therefore  constant 
potential  direct  current  at  any  voltage  and  is  available  for  all 
kinds  of  work  in  which  direct  current  is  necessary  or  is  prefer- 
able to  alternating  current.  Incandescent  lighting  may  be  sup- 
plied from  the  alternating  current  circuits,  and  arc  lamps  may  be 
supplied  by  direct  current  from  the  rotary  transformer  or  from 
arc  machines  driven  by  synchronous  motors. 

It  should  be  noted  that  the  idea  of  complication  from  the 
grouping  of  several  applications  of  the  system  with  the  trans- 
mission system  proper.  The  transmission  system  proper  ends 
with  the  switch  board  and  rotary  transformer  in  the  receiving 
station.  Other  apparatus  would  be  located  where  it  may  be  re- 
quired for  use — distributed  over  a  city  or  through  mills  and 
mines. 

The  alternating  and  direct  current  at  various  potentials  for 
these  various  lines  of  service  are  secured  from  one  generator  and 
one  transmission  line.  This  is  of  practical  importance  both  in 
small  plants  where  it  would  be  impracticable  to  install  different 
kinds  of  service,  and  also  in  large  plants  where  there  are  numer- 
ous generators.  In  such  plants  similarity  and  interchangeability 
of  machines  and  circuits  is  of  great  economy  and  value  in  prac- 
tical service. 

Electrical  inventors  have  done  their  part  well  in  discovering 
principles  and  laws  which  form  the  basis  for  a  complete  electri- 
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cal  system.  Designers  and  mechanics  have  taken  up  these  in- 
ventions and  have  developed  them  and  constructed  apparatus  for 
practical  working,  which  is  now  presented  for  the  electrical  engi- 
neer for  adaptation  to  the  varion6  demands  for  the  transmission 
and  distribution  of  power.  He  may  take  up  the  work  with  full 
assurance,  as  plants  are  already  in  operation  which  place  beyond 
question  the  practibility  not  only  of  general  distribution  and  ser- 
vice but  also  of  transmission  over  long  distances  and  at  high  po- 
tentials. The  successful  installation  and  operation  of  lighting  a 
plant  for  over  100  h.  p.  using  10,000  volts  over  a  28  mile  circuit 
in  southern  California  is  an  initial  step  which  covers  a  distance 
greater  than  is  required  in  a  majority  of  the  cases  in  which  power 
transmission  is  proposed. 

This  exhibit  of  the  Tesla  polyphase  system  is  the  mechanical 
realization  of  one  of  the  most  unique  and  beautiful  discoveries  in 
electricity  in  recent  years. 


At  the  conclusion  of  Dr.  Scott's  paper,  which  was  warmly  ap- 
plauded, the  Chairman  introduced  Mr.  W.  F.  C.  Hasson,  of  San 
Francisco,  who  made  the  following  remarks : 

Mr.  Chairman,  I  wish  to  say  that  it  is  a  matter  of  great  satis- 
faction to  me  to  see  that  we  have  come  down  to  the  present  time. 
I  was  very  much  afraid  I  was  going  back  to  California  with  the 
idea  that  I  had  only  been  indulging  in  reminiscences  of  success- 
ful failures,  but  now  we  have  got  down  to  date. 

We  are  discussing  a  subject  that  is  really  of  vital  importance 
in  electricity  to-day.  As  a  consulting  engineer  I  represent  a  va- 
riety of  companies  in  California  who  desire  to  transmit  power 
electrically.  The  aggregate  will  amount  to  some  40,000  horse 
power,  the  distance  running  from  10  to  40  miles.  Notwith- 
standing the  fact  that  Mr.  Scott  has  referred  to  the  successful 
transmission  of  power  for  lighting  purposes  at  San  Antonio  for 
2S  miles,  the  electrical  transmission  of  power  for  long  distances 
in  California  is  a  failure.  Over  a  year  ago  the  first  contract  for 
a  definite  transmission  of  power  was  closed.  I  see  to-day  an  un- 
happy superintendent  of  a  mine  in  eastern  California  up  in  the 
mountains,  looking  at  his  burnt  out  field  coils  after  this  genera- 
tor had  been  in  operation  for  less  than  thirteen  days.  Although 
this  whole  plant  is  very  beautiful  on  paper;  although  it  is  all 
logical,  the  mere  fact  of  the  establishment  of  a  small  plant  for 
operation  in  an  exposition  as  we  have  here  at  Chicago  and  saying 
what  may  be  done,  does  not  establish  the  commercial  success  of  long 
distance  transmission  of  power.  The  points  that  are  necessary  in 
such  machinery  are  first,  that  it  shall  from  its  inception  and  from 
its  installation  operate  successfully ;  the  second,  that  it  shall  con- 
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tinue  to  operate.  The  machinery  must  be  so  built  that  it  will 
run  not  only  a  day  or  an  hour,  but  for  weeks  and  months.  It  must 
be  borne  in  mind  that  power  transmission  is  required  almost  in- 
variably in  places  that  are  distant  from  railways,  where  repairs 
are  impossible,  and  the  machinery  must  be  of  such  a  nature,  not 
only  in  its  simplicity  of  construction  but  in  its  lasting  qualities 
that  accidents  are  almost  impossible. 

I  believe  in  the  transmission  of  power.  I  have  been  the 
apostle  of  it  for  a  year  in  California,  but  we  must  definitely 
establish  the  fact  to  investors  and  others.  No  transmission 
machinery  is  of  any  use  unless  it  will  stand  high  voltages ;  we 
must  overcome  the  list  of  defects  and  arrive  at  the  correct  man- 
ner of  handling  it.  I  wish  to  say  definitely  that  to  the  investor 
in  California  to-day  the  successful  machine  for  long  distance 
transmission  of  power  electrically  exists  only  in  the  minds  of  the 
inventors  and  promotors,  or  in  some  beautiful  advertisement. 

I  wish  further  to  state  that  some  four  or  five  months  ago  I  was 
called  upon  to  decide^»pw^'C©rtain  plans  for  the  transmission 
of  3,000  horse  power  some  20  miles.  Most  elaborate,  most  beau- 
tiful detailed  descriptions  of  the  m'ethods  arriving  at  these  results 
were  put  before  me,  but  not  a  single  working  drawing  of  any 
kind  was  presented  by  any  one  of  the  three  companies  that  were 
competing  for  this  installation.  It  must  be  recognized  that  these 
experiments  are  so  extensive  that  they  can  only  be  carried  out 
by  companies.  I  have  waited  and  waited  for  information,  and 
all  that  I  can  arrive  at  is  that  one  company  says  that  800  volts  is 
the  limit  of  multiphase  generation.  Another  company  says  with 
equal  positiveness  that  it  does  not  hesitate  to  install  2,500  or  3,000 
volts  initially.  Which  is  right  ?  How  are  we  to  determine  until 
these  plants  are  installed  and  carefully  operated.  Again,  we 
have  been  promised  a  long  while  a  three-phase  transmission  in 
southern  California.  I  understand  that  it  is  going  out  there  now 
under  special  guard,  and  I  trust  that  it  will  be  taken  care  of  and 
that  it  will  arrive  safely  without  any  accident  happening  to  it. 

The  Chairman  : — We  should  all  like  to  hear  from  Dr.  Louis 
,  Bell,  who  has  given  the   subject  of   Power   Transmission  very 
careful  study. 

Dr.  Bell  : — Mr.  Chairman  and  Gentlemen  :  My  friend,  Mr. 
Scott,  has  so  well  described  the  characteristics  of  a  typical  poly- 
phase system  that  as  regards  the  general  features  of  it  I  myself 
would  have  very  little  to  add.  I  would  only  say  that  I  am  very 
glad  that  he  has  referred  to  the  two-phase  system  as  a  polyphase 
'  system,  because  it  gives  us  one  word  instead  of  two,  and  that  all 
which  applies  to  the  two-phase  system  applies  in  varying  degrees 
to  all  other  numbers  of  phases.  The  general  methods  in  the  two 
forms  of  apparatus  are  the  same  in  principle,  and  differ  in  such 
details  as  inventors  have  found  desirable  to  introduce,  so  that  all 
the  polyphase  systems  are  capable  of  doing  practically  about  the 
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same  work.  The  differences,  it  is  only  fair  to  state,  are  differ- 
ences in  degree  which  are  far  less  than  the  differences  between 
the  polyphase  system  and  any  other  system  of  power  transmission. 
There  are  in  general  three  methods  which  are  at  present  offered 
and  proposed  for  power  transmission.  That  of  the  direct  current, 
which  Professor  Crocker  has  been  championing  before  us  this 
morning ;  that  of  single  phase  currents  and  that  of  polyphase 
currents.  Of  the  first  I  have  only  to  say* that  in  this  country,  at 
least,  it  has  not  been  altogether  a  shining  success.  The  experi- 
ments have  mostly  resulted  in  failures.  I  hope  that  M.  Thury 
will  be  able  to  give  us  a  far  more  encouraging  report  from  the 
other  side  of  the  water.  The  great  difficulty  seems  to  be  that 
which  was  suggested  by  Professor  Crocker,  that  when  the  cur- 
rent becomes  considerable  we  be^in  to  get  into  trouble.  Volt- 
ages which  are  perfectly  practicable  in  a  five  horse  power 
machine  or  in  perhaps  a  60  or  70  horse  power  arc  dynamo,  be- 
come difficult  when  you  want  to  have  500  kilowatts  or  more  in 
single  units,  and  the  cases  of  power  transmission  are  frequent 
where  there  is  a  call  and  a  very  imperative  call  for  units  as  large 
as  1,000  horse  power.  I  am  afraid  that  for  these  big  units  we 
need  even  more  experience  than  Mr.  Hasson  has  thought  neces- 
sary for  the  solution  of  the  general  problem,  before  we  get  a 
successful  direct  current  machine. 

Second,  we  come  to  alternating  currents,  and  we  have  to  ask 
ourselves  the  very  pertinent  question,  why  do  we  want  them  ? 
We  want  them  for  the  reason  which  has  been  very  well  set  forth 
by  Mr.  Scott,  that  when  we  get  an  alternate  current  we  can  do 
something  with  it.  We  can  twist  it  around  in  an  almost  infinite 
variety  of  ways  and  set  it  to  almost  any  application.  Where  we 
are  dealing  with  a  direct  current,  it  is  a  direct  current  from  start 
to  finish,  except  as  we  transform  it  at  the  cost  of  more  complica- 
tion and  an  initial  expense  into  alternate  currents.  Further- 
more, we  do  not  need  the  direct  current  for  motors  nowadays, 
and  that  is  a  sufficient  reason  why  we  should  consider  the  alter- 
nating current  as  the  coming  thing  in  power  transmission.  So 
long  as  the  direct  current  had  a  grinding  monopoly  of  all  the 
motor  service,  it  was  direct  current  or  nothing.  To-dav  that  is 
changed.  The  single  phase  system,  with  which  we  have  all  been 
familiar  in  lighting  for  some  years  is,  as  we  know  now,  largely 
through  the  experiments  of  our  foreign  friends,  applicable  to 
motor  service  also;  not  as  well,  however,  I  am  sorry  to  say,  as 
the  polyphase  system,  nor  is  it  as  well  adapted  to  the  operation 
of  the  beautiful  rotarv  transformers  which  are  an  essential  feat- 
ure,  as  Dr.  Duncan  has  suggested,  of  the  coming  power  trans- 
mission by  polyphase  currents.  We  know  from  experience  that 
the  single  phase  rotary  transformer  is  less  desirable  in  many 
ways  than  the  polyphase  one.  As  for  the  single  phase  motor, 
such  as  has  been  exploited  abroad,  I  can  say  as  a  result  both  of 
what  we  have  heard  from  other  experimenters  and  from  what  I 
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know  myself  from  personal  experiments,  that  the  single  phase 
motor  in  its  present  stage  of  development  can  be  considered  as 
nothing  else  than  a  rather  poor  polyphase  motor.  It  starts  on 
the  polyphase  principle  every  time  and  with  the  objection  that 
the  rotary  field  established  is  not  a  circular  rotary  field  but  an 
elliptical  one,  consequently  less  efficient  as  a  rotary  field,  and 
giving  less  efficiency  in  the  motor.     If  we  wish  to  start  a  single 

Ehase  machine  we  have  to  use  some  method  of  commutation  run 
y  a  synchronized  motor,  which  has  its  well  known  limitations,  or 
else  some  non-synchronous  motor  of  the  type  which  we  have 
recently  been  hearing  about,  which,  as  I  have  just  stated,  is  not 
as  good  as  a  good  polyphase  motor.  If  you  are  building  an  in- 
duction motor  of  any  kind  and  set  out  to  secure  a  single  phase 
motor,  you  will  have  a  most  phenomenally  good  polyphase  motor 
before  you  are  through  with  the  machine. 

Then  finally  we  come  to  the  polyphase  system.'  Essentially 
they  operate  on  the  same  principle.  We  may,  however,  divide 
them  into  two  classes,  polyphase  systems  having  two  wires  per 
phase,  that  is,  having  an  independent  circuit,  and  polyphase  sys- 
tems having  non-independent  circuits.  In  this  latter  case  we  get 
some  simplification  in  the  wires.  A  two-phase  system  with  four 
wires  one  may  fairly  call  practical.  With  three  wires,  by  com- 
bining two  of  the  conductors,  it  is  somewhat  simpler.  The  three 
phase  system  operated  on  separate  circuits  would  require  six 
wires,  which  I  think  we  are  all  agreed  is  prohibited.  Operated 
with  combined  circuits  it  requires  but  three  wires,  as  few,  in 
other  words,  as  are  required  by  any  polyphase  system.  Further- 
more, in  all  of  the  non-independent  circuits,  polyphase  systems 
save  copper  over  the  direct  current,  the  simple  alternating  or  the 
polyphase  systems  with  separate  circuits.  Ihcy  save  copper  in 
varying  degrees,  the  two  phase  about  72  or  73  per  cent.,  the 
three  phase  about  25  per  cent.,  and  those  systems  which  have 
more  phases  as  a  rule  save  less  than  either  of  those  mentioned, 
the  saving  lessening  with  the  number  of  phases.  We  need  not 
concern  ourselves  with  more  than  three  phases,  on  account  of  the 
prohibitive  number  of  wires  required,  even  with  composite  cir- 
cuits. We  therefore  have,  as  distinguished  from  the  independent 
circuit  system,  which  is  so  well  exemplified  in  Mr.  Scott's  dia- 
grams, a  second  kind  of  polyphase  system  with  dependent  cir- 
cuits, interlocked  circuits,  which  possess  the  valuable  property  of 
saving  almost  25  per  cent,  of  the  copper,  and  also  giving  less 
self-induction  and  capacity  on  the  line  than  simple  alternating 
currents,  so  that  for  very  long  transmissions,  they  save  both  in 
copper  and  in  that  intolerable  nuisance,  line  inductance.  Line 
inductance  I  trust  in  the  future  will  not  be  as  serious  a  matter  as 
it  is  now,  or  has  been  in  the  past,  thanks  to  the  suggestion  of  my 
friend  Mr.  Stein metz  in  his  paper  yesterday. 
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As  regards  the  general  differences  between  the  independent 
circuit  polyphase  and  the  dependent  circuit  polyphase  system, 
one  can  only  say  that  the  independent  circuit  requires  at  least 
four  wires.  The  dependent  circuit  requires  at  least  three  wires. 
This  in  the  case  of  installing  lights  is  a  comparatively  slight  dif- 
ference, because  we  must  split  circuits,  anyhow,  for  lighting.  In 
the  matter  of  motors,  the  three  wires  are  somewhat  more  conven- 
ient than  the  four.  The  great  objection  which  has  been  raised 
against  the  polyphase  system  with  dependent  circuits  such  as  the 
two  or  three  pnase  system  with  three  wires  is  that  it  does  not 
regulate  well,  and  the  principle  thing  that  I  wish  to  put  before 
you  is  that  that  criticism  is  absolutely  ill-founded,  as  we  Know  from 
positive  experiments.  In  the  first  place,  it  is  quite  possible  to 
arrange  a  dependent  circuit  polyphase  system  so  that  the  differ- 
ence between  the  different  branches  of  the  circuit,  even  under 
extreme  coi\ditions,  will  be  almost  unnoticeable.  That,  too,  was 
pointed  out  by  Mr.  Steinmetz  in  his  paper  yesterday.  The 
means  of  doing  this  are  not  always  simple,  and  it  is  tnerefore 
well  to  state  as  a  result  of  actual  experiments  that  without  any 
complicated  means  of  compensation  whatever,  it  is  possible  to 
obtain  closely  constant  voltages  in  each  branch  of  a  polyphase 
system,  independent  of  their  operations  in  the  other  branches. 
If  you  cut  off  all  the  branches  but  one  you  will  obtain  a  percep- 
tible variation.  If  you  cut  off  one  of  the  three  branches  of  a 
three  phase  system,  you  will  obtain  a  variation  which  is  scarcely 
visible  to  the  eye. 

With  respect  to  the  motors  on  the  polyphase  systems,  I  think 
we  can  readily  appreciate  from  what  Dr.  Duncan  has  said  that 
between  2,  3,  4  or  n  phase  motors  there  is  no  very  wide  differ- 
ence in  principle,  nor  is  there  any  very  wide  difference  or  any 
perceptible  difference,  one  may  say,  in  their  operation  on  inde- 
pendent circuits  or  dependent  circuits.  The  whole  point  of  the 
matter  is  this,  that  if  you  are  going  to  obtain  equal  results,  what- 
ever the  number  of  phases,  you  must  practically  have  a  motor  of 
about  equal  classification.  In  other  words,  for  equally  good  re- 
sults, the  four  phase  motor  would  have  to  be  just  about  the  same 
sort  of  a  machine  as  regards  complication,  winding,  etc.,  as  the 
three  phase,  and  the  two  phase  would  have  to  be  just  about  as 
complicated  as  the  three  phase.  They  would  have  to  be  nearly  alike 
if  you  are  going  to  get  precisely  the  same  results,  but  when  those  mo- 
tors are  properly  designed  I  do  not  hesitate  to  say  as  the  result 
of  experience  that  they  are  decidedly  superior  to  any  direct  cur- 
rent machine,  and  that  is  one  of  the  strong  reasons  for  using  the 
polyphase  system.  In  the  first  place  these  machines  have  no  com- 
mutators, and  in  the  second  place  it  is  almost  impossible  to  burn 
them  out.  I  have  been  experimenting  with  motors  of  this  type 
for  a  long  time,  and  I  never  yet  succeeded,  even  under  the  strain 
of  the  toughest  kind  of  experimentation  in  burning  out  a  single 
machine  in  any  way  whatever,  and  I  do  not  think  that  is  a  record 
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that  could  be  well  made  with  any  sort  of  direct  current  motor. 
If  they  are  overloaded  they  stop  and  will  not  burn  out  for  a  pret- 
ty long  period.  Under  any  ordinary  circumstances  they  simply 
stand  up  to  business  without  any  commutation,  without  any  com- 
plicated connections.  They  start  quite  well,  as  well  as  any  or- 
dinary direct  current  motor,  and  I  beg  leave  to  correct  Dr.  Dun- 
can in  his  statement  that  8  or  10  times  the  running  current  is 
needed  to  get  a  good  start.  The  motors  in  respect  to  currents  taken, 
start  just  about  as  a  shunt  motor  starts.  Furthermore  the  speed 
of  these  motors  can  be  varied.  It  is  non-synchronous,  and  when 
it  is  non-synchronous  I  do  not  mean  to  say  that  it  is  non-syn- 
chronous in  the  sense  that  a  single  phase  motor  is,  but  that  it  is 
non-synchronous  in  the  sense  that  a  series  motor  is.  It  is  pos- 
sible to  run  a  polyphase  motor  at  a  widely  varying  range  of  speed, 
keeping  up  practically  constant  torque.  The  range  of  speed  is  prac- 
tically variable  from  A-  speed  up  to  full  speed,  keeping  constant 
torque  all  the  time.  This  I  think,  escapes  one  of  the  objections 
which  has  been  raised  against  polyphase  motors. 

One  further  thing  I  would  say  and  then  I  am  through.  I  want 
to  defend  the  polyphase  machine  against  the  accusation  of  the  • 
lagging  current ;  against  the  accusation  that  it  will  spoil  the  reg- 
ulation of  every  dynamo  that  the  mind  of  man  has  been  able  to 
invent.  It  is  simply  not  so.  If  a  polyphase  motor  gives  a  big 
lagging  current  at  or  anywhere  near  full  load,  it  is  proof  con- 
clusive that  that  machine  has  been  badly  designed  ;  that  the  man 
who  made  it  did  not  know  how  to  tilize  his  magnetic  circuit  in- 
telligently. There  is  no  necessity  of  having  more  than  ten  per 
cent  lagging  current  in  any  polyphase  motor,  and  indeed  one 
that  shows  much  more  than  this  I  should  consider  badly  designed. 
As  an  example  of  what  is  perfectly  feasible  and  practicable  in  the 
way  of  reducing  lagging  current,  I  would  say  that  I  have  exper- 
imented with  motors  of  6izes  up  to  20  horse  power,  where  the 
power  factor  is  from  85  to  95  per  cent.  I  also  recently  exper- 
imented with  a  live  horse  power  motor,  and  I  wish  to  den}-  once 
for  all,  the  statement  that  the  polyphase  motors  require  an  enor- 
mous lagging  current.  And  more  than  this,  suppose  the  current 
does  lag  5  or  10  or  15  percent.  It  is  perfectly  feasible  to  compensate 
the  dynamo  by  very  simple  means  against  the  lagging  current, 
even  where  there  is  a  considerable  difference  in  phase.  I  recent- 
ly tried  such  a  compensating  device  of  an  exceedingly  simple  and 
practical  decsription,  with  the  result  of  holding  the  voltage  of  the 
dynamo  practically  constant  from  no  load  up  to  full  load,  when 
the  load  itself  was  of  the  worst  possible  inductive  character.  The 
machine  itself  was  a  little  experimental  affair,  one  of  the  30  kilo- 
watte,  constructed  out  of  an  old  alternator  frame,  it  being  the 
worst  machine  which  I  could  pick  for  the  purpose  and  selected 
intentionally,  but  the  machine  required  two  and  one-quarter  times 
the  exciting  current  at  full  load  that  it  did  at  no  load.  In  other 
words,  it  is  possible  to  automatically  regulate  the  voltage  of  a 
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polyphase  generator  in  spite  of  even  a  severe  lag  in  the  line  due 
to  the  operation  of  motors,  and  finally  this  lag  due  to  the  oper- 
ation of  motors  become  evanescent  when  the  motor  is  properly 
designed.  I  am  satisfied  if  I  have  been  able  to  defend  the  poly- 
phase motor  against  this  false  accusation,  and  the  polyphase  sys- 
tems, whatever  the  number  of  phases,  against  the  accusations  of 
insufficient  regulation. 

The  Chairman  : — I  will  call  on  Mr.  A.  B.  Stillwell  of  Pitts- 
burg, to  continue  the  discussion. 

Mr.  Stillwell  : — I  have  not  come  here  with  any  paper,  and 
have  no  speech  prepared  ;  In  fact,  I  ju6t  arrived  and  have  only 
listened  to  the  remarks  of  the  last  two  speakers,  60  that  I  should 
be  afraid  to  go  into  any  elaborate  or  detailed  discussion  of  the 
polyphase  system  as  I  see  them  for  fear  that  I  might  be  taking 
your  time  in  simply  repeating  what  has  already  been  said. 

I  would  like  to  call  your  attention,  however,  to  the  exhibit 
which  has  been  described  by  Mr.  Scott.  I  believe  that  exhibit 
marks  an  advance  in  polyphase  work,  and  I  know  that  it  will  en- 
able those  who  examine  it  to  ascertain  for  themselves  what  is 
practicable  by  this  system  on  a  scale  that  has  not  hitherto  been 
attempted.  Ln  preparing  this  exhibit  of  the  Westinghouse  Com- 
pany we  have  not  shown  small  machines.  It  is  no  exhibit  of  toys 
or  models  or  drawings.  We  have  simply  shown  what  we  believe 
to  be  the  best  development  of  the  polyphase  system.  Now,  what 
have  we  accomplished  in  that  system  ?  We  nave  one  generator 
and  one  transmission  circuit.  At  the  receiving  end  01  the  line 
we  have  direct  current  and  alternating  current  at  various  poten- 
tials, performing  every  kind  of  work  to  which  electricity  is  appli- 
cable. I  think  that  it  is  sufficient  to  show  that  the  system  is  well 
worthy  of  careful  examination  and  study.  I  have  no  doubt  that 
further  advances  will  be  made,  but  we  have  here  machines  which 
mechanically  are  very  excellent  and  electrically  are  capable  of  a 
very  good  performance.  I  think  it  would  be  interesting,  if  time 
permitted,  to  begin  at  the  receiving  end  of  the  station  and  work 
back  to  the  generating  end  from  each  kind  of  work  that  we  per- 
form ;  that  is,  begin  with  the  incandescent  lighting,  and  see  how 
many  lights  and  liow  many  applications  we  have.  If  you  will 
work  that  out  for  yourselves  you  will  find  that  the  efficiency  is 
in  all  cases  very  high,  and  in  all  except  arc  lighting  we  have 
introduced  the  minimum  number  of  machines  and  of  transforma- 
tions of  energy. 

Wo  are  aiming,  of  course,  not  at  a  partial  solution  of  the 
problem  of  transmission,  but  at  a  broad  and  general  solution,  the 
door  to  which  was  opened  by  the  invention  of  the  polyphase  sys- 
tem. There  have  been  very  many  partial  solutions,  and  we  have 
as  the  result  of  such  the  direct  current  systems  of  limited  appli- 
capability,  and  the  single  phase  systems.  We  have  here  a  system 
which  performs  all  kinds  of  service  over  a  single  transmission 
circuit,  and  from  a  single  generator.     Of  course,  in  a  large  sta- 
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tion,  we  would  nee  several  generators  and  as  many  circuits  as 
might  be  demanded  by  the  amount  of  power  needed. 

Now,  I  have  one  thing  to  say  in  regard  to  the  evolution  of 
this  business.  The  parties  interested  are  the  manufacturers 
and  those  who  propose  to  buy — users,  and  lately  we  have  an  in- 
termediate class,  consulting  engineers,  as  yet  less  numerous  on 
this  side  of  the  water  than  they  are  on  the  other.  We  are  very 
glad  to  welcome  them  in  their  work,  as  they  certainly  have  their 
place  in  protecting  the  interests  of  the  customer,  and  also  in  ex- 
plaining to  the  customer  what  the  manufacturer  is  trying  to  sell 
him,  to  assist  the  manufacturer  in  convincing  the  customer  that 
he  is  warranted  in  putting  in  the  necessary  investment  to  accom- 
plish the  result. 

We  have  spent  a  large  amount  of  money  in  putting  in  a  very 
large  and  expensive  exhibit  of  our  machines  and  will  be  glad  to 
exhibit  it  to  those  who  may  be  interested  and  to  whom  we  may 
properly  extend  that  courtesy  to  make  such  tests  as  will,  we  think, 
satisfy  them  as  t©  the  performance  of  the  apparatus.  We  have 
not  attempted  to  show  the  insulation  of  our  circuits  for  long  dis- 
tance transmission,  although  we  might  have  run  a  circuit  around 
the  city  of  Chicago  and  come  back  to  the  switchboard,  and  car- 
ried our  potential  at  10,000  volts  and  operated  it.  That  has  been 
demonstrated  in  Germany  over  a  longer  distance  and  over  a 
higher  potential,  and  very  high  potentials  are  in  commercial  and 
successful  operation  in  this  country.  Now,  it  seems  to  me  that 
the  consulting  engineer  is  the  man  who  must  put  two  and  two 
together,  and  solve  this  problem  for  us.  He  is  the  man  to  stand 
up  to  the  customer  and  to  the  world  aud  say,  this  thing  is  prac- 
ticable and  it  is  a  success.  It  is  not  for  the  manufacturer  to  pay 
for  the  apparatus  and  install  it  and  operate  it  and  guarantee  divi- 
dends as  has  sometimes  been  proposed 

The  Chairman  : — I  see  a  gentleman  here  who  is  familiar  with 
long  distance  transmission,  Dr.  Otto  Frick.  I  will  ask  him  to 
make  a  few  remarks  on  the  subject. 

Mr.  Frick  : — I  have  heard  here  speakers  recommend  to  you 
the  polyphase  and  also  the  direct  current.  I  should  like  to  say 
that  no  system  is  the  best.  I  think  the  direct  current  system  is 
a  very  good  one,  the  poly  phase  system  is  a  very  good  one,  and 
the  single  phase  system  is  a  very  good  one  for  the  transmission  of 
power.  For  the  purpose  of  demonstration  I  should  like  to  give 
you  some  instances  from  the  other  side  of  the  water.  I  will  not 
speak  of  Genoa,  as  I  suppose  M.  Thury  will  tell  you  himself  of 
the  transmission  of  power  there,  where  they  are  operating  with 
0,000  volts  and  a  perfect  system  of  dynamos,  etc. 

We  had  in  Germany  two  years  ago  a  long  transmission  of  100 
miles  by  a  circuit  up  to  30,000  volts,  but  people  seem  to  be 
incredulous  when  I  tell  them  of  it.  They  said  it  is  very  good 
for  an  experiment,  but  we  should  like  to  see  such  a  system  work- 
ing for  a  long  time.     Well,  gentlemen,  I  can  tell  you  1  was  at 
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the  works  of  Oerlikon  two  or  three  months  ago  and  I  saw  there 
a  transmission  of  power  working  which  had  been  in  operation 
for,  I  suppose,  15  months,  at  13,000  volts.  It  was  a  three-phase 
current  transmission  on  the  same  plan  as  the  transmission  from 
LaufTen  to  Frankfurt,  the  work  being  perfectly  satisfactory  all 
the  time.  Their  motor  was  300  horse  power,  constructed  in  the 
same  manner  as  the  generator. 

Now,  of  the  single  phase  system  I  said  it  was  also  good.  I 
saw  in  Switzerland  a  100  horse  power  transmission.  It  was  light- 
ing a  mill.  It  was  not  a  self-starting  100  horse  power  motor,  but 
had  a  very  good  device  for  the  purpose.  There  is  a  small  single 
phase  self-starting  motor  of  two  horse  power  to  put  in  motion 
the  big  one.  As  soon  as  the  big  one  was  in  phase  it  was  con- 
nected in  circuit  and  worked  well  as  a  motor.  This  little  single 
phase  motor  is  now  constructed  by  Messrs.  Brown,  Boveri  & 
Co.,  the  well  known  builders,  up  to  I  believe  10  horse  power, 
and  I  have  seen  these  motors  in  perfect  condition.  They  are 
put  in  action  as  a  two  phase  motor,  and  as  soon  as  it  is  run- 
ning and  synchronized  with  the  generator,  it  is  put  on  the 
main  circuit  as  a  single .  phase  motor  and  runs  in  synchronism, 
and  does  not  stop  at  an  overload  of  50  to  100  per  cent.  These 
motors  we  have  in  use  in  a  little  town  near  Munich  and  I  can  say 
that  of  the  15  motors  they  have  there,  there  is  not  one  that  has 
given  any  trouble,  and  the  people  that  use  them  are  all  well 
satisfied  with  the  work  they  are  doing. 

I  might  conclude  by  repeating  that  no  system  is  the  best.  One 
system  may  be  the  best  for  some  special  work,  but  there  is  no 
single  best  system. 

The  Chairman: — It  gives  me  great  pleasure  to  call  on  Prof. 
Silvanus  P.  Thompson,  of  England,  who  is  too  wrell  known  to 
need  any  introduction. 

Prof.  Thompson  : — Mr.  Chairman  and  Gentlemen  :  Mav  I 
first  speak  for  M.  Thury.  He  has  asked  me  to  place  before  yon 
the  following  points :  There  is  at  Geneva  a  transmission  of 
power  at  constant  potential  of  1,200  volts,  with  a  simple  con- 
tinuous current,  the  motors  being  shunt  wound.  There  is  an- 
other at  Stanzerhorn,  working  with  a  generator  of  150  horse 
power  at  1,500  volts  and  about  70  amperes.  This  works  three 
motors,  each  of  about  00  horse  power  nominally.  There  is 
another  case  of  distribution  with  continuous  current,  but  with 
excitation,  with  the  generating  plant  consisting  of  dynamos  in 
series.  This  is  from  Biberist  to  Rondchatel,  a  distance  of  2\) 
kilometers,  about  20  miles.  Two  generators  of  200  horse  power 
each,  current  of  40  amperes,  running  at  3,500  volts  and  tried  up 
to  4,500.  A  fourth  installation  is  at  Genoa  in  Italv.  There  is 
a  continuous  current  of  45  amperes,  eight  dynamos  as  generators, 
all  joined  in  series,  each  nominally  about  1,000  volts  and  each 
being  about  f»0  horse  power,  but  these  eight  do  not  run  quite  at 
1,000   volts  each,  the  line  being  6,000  volts  is  ordinary  work, 
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because  if  you  keep  the  current  constant  the  volts  will  vary 
according  to  the  demand  at  the  other  end.  There  are  two  cir- 
cuits feeding  motors,  varying  from  five  horse  power  to  100  horse 
powerv  and  from  100  volts  to  2,000  volts,  and  these  are  all  exam- 
ples of  practical  installations  for  which  M.  Thury  makes  himself 
responsible. 

Now,  to  speak  for  myself,  first  of  all  let  me  deal  with  the  con- 
tinuous current  problem.  Let  me  point  out  that  for  other  pur- 
poses than  the  mere  furnishing  of  arc  lights  continuous  current 
machines  have  been  constructed  to  work  at  high  voltages.  In 
London  Mr.  Esson  has  designed  various  dynamos,  working  at 
from  1,000  to  2,000  volts,  using  commutators  of  the  ordinary 
kind,  but  when  I  say  commutators  of  the  ordinary  kind  I  mean 
that  they  were  the  ordinary  straight  bars  of  hard  copper  or  some- 
thing of  that  kind,  but  they  were  especially  insulated  and  they 
took  special  precautions  against  sparking.  In  one  machine  they 
adopted  the  plan  of  wiping  out  any  ordinary  spark  that  might 
occur  upon  the  commutator  by  imbedding  the  whole  thing  in  a 
mass  of  asbestos,  which  wiped  out  any  spark  which  mignt  be 
formed  under  the  brush.  It  was  a  rough  and  ready  device,  but 
it  "  got  there." 

Again,  in  Germany  Mr.  Lavier  (?)  has  carried  out  many  exam- 
ples of  transmission  of  power  with  continuous  currents  at  1,000 
volts.  The  difficulty  does  not  seem  to  arise  so  much  from  the 
sparking  at  the  commutator  as  from  the  inherent  difficulty  which 
is  met  with  everywhere  when  you  begin  to  apply  with  continuous 
currents  any  high  voltage,  namely,  that  of  electrolysis  of  your  in- 
sulating surfaces  or  insulating  materials  that  may  occur  in  any 
place  exposed  to  moisture.  We  know  that  electrically  caused 
fires  from  leaks  in  mains  more  often  occur  with  the  continous 
current  than  with  the  alternate,  no  doubt  because  the  continous 
current  causes  electrolysis  in  the  moisture  and  the  alternating 
current  does  not  do  so  ;  at  least  not  in  the  same  way. 

May  I  point  out  that  in  the  old  fashioned  university  town  of 
Oxford  in  England — I  must  not  claim  for  it  that  it  is  a  long  dis- 
tance transmission  of  power,  but  it  is  a  transmission  of  power  by 
continuous  currents  at  high  voltage.  The  town  is  supplied  from  a 
lighting  station  something  like  a  mile  and  a  third — over  a  mile 
and  a  quarter — the  current  is  brought  in  at  something  over 
1,000  volts,  and  in  the  city  of  Oxford  this  current  is  transferred 
by  continuous  current  transformers,  that  is  to  say,  motor-dynamos, 
to  the  low  pressure  of  100  volts,  and  conveyed  about  the  neighbor- 
hood from  house  to  house,  and  that  installation  has  been  working 
now  for  many  months,  and  gives  no  trouble.  These  rotating  and 
continuous  current  transformers  have  a  very  high  efficiency,  and 
so  far  as  my  information  goes,  there  is  no  trouble  from  the  spark- 
at  the  commutators. 

Now,  let  me  pass  to  the  alternate  current  work.  I  would  in- 
vite every  electrical  engineer  who  is  interested  in  this  subject  to 
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study  carefully  the  installation  at  Koine,  which  is  fed  by  the 
power  of  a  water-fall  14  miles  away,  wheret  here  is  a  station  erec- 
ted by  the  firm  of  Ganz  and  Company,  of  Buda-Pesth,  where 
the  water-fall"  works  drive  turbines  and  drive  alternate  current 
machines  which  supply  current  at  from  5,000  or  6,000  volts,  car- 
ried across  14  miles  over  the  Campagna  until  you  arrive  outside 
the  gates  of  the  city  of  Rome,  where  there  is  a  transformer  sta- 
tion which  brings  the  current  down  from  5,000  or  6,000  volts,  to 
about  1,000  volte,  at  which  it  flows  over  lines  in  to  the  city 
to  be  again  transformed  down  to  100  volts  for  actual  use. 

I  have  listened  with  great  pleasure  to  the  discussion  originated 
by  Dr.  Duncan  and  carried  on  so  ably  by  the  engineers  of  the 
Westinghouse  Company  upon  the  question  of  the  polyphase 
transmission.  I  have  studied  that  polyphase  transmission  at 
Frankfurt,  where  there  were  some  8  or  10  different  systems, 
all  rivals  of  one  another,  from  the  various  houses  of  Germany. 
We  had  the  great  houses  of  Schuckert,  Siemens  and  Halske, 
Lahmeyer  and  several  others,  each  of  them  showing  their 
own  way  of  carrying  out  a  polyphase  system,  and  we  could  com- 
pare the  one  with  the  other,  and  it  was  very  interesting  to  see 
how  they  all  had  solved  in  their  own  way  that  problem  to  which 
so  much  attention  has  been  drawn  here,  namely,  making  a  rotary 
transformer  convert  a  continuous  current  into  a  simple  alternate 
current.  No  doubt  their  rotary  transformers  will  be  of  service 
in  the  industry,  but  I  imagine  they  will  be  of  service  rather  in 
particular  instances  than  in  any  kind  of  general  way.  Let  me  en- 
tirely endorse  the  remarks  of  Mr.  Flick,  that  there  is  no  u  best'1 
system ;  that  each  system  is  the  best  for  its  own  purpose.  What 
would  you  think  of  an  engineer  who  would  stand  on  the  platform 
here,  and  say  that  he  had  invented  or  that  any  man  alive  had 
invented,  the  best  steam  engine,  and  that  there  was  no  other. 
You  would  want  to  know  what  that  steam  engine  was  best  for, 
whether  it  was  suited  for  a  mill  or  a  threshing  machine  or  a 
large  factory  or  a  steamboat  or  a  locomotive.  There  is  no  best 
steam  engine.  There  is  no  best  dynamo  and  there  is  no  best 
motor  and  there  is  no  best  system.  They  are  all  right.  They 
are  all  best. 

Well,  then,  what  is  the  polyphase  system  capable  of  and  what 
is  the  simple  alternate  system  capable  of?  I  am  not  going  to 
prophecy.  I  do  not  know  what  ten  years  may  bring  forth,  but  1 
will  give  you  my  own  personal  opinion  as  to  now  the  thing  stands 
at  present.  I  do  not  love  the  complication  of  three  phase  trans- 
formers and  three  phase  switch-boards  and  three  phase  lines.  I 
love  the  three  phase  or  the  two  phase  alternate  current  dynamos 
and  motors.  They  are  very  beautiful.  We  can  do  a  great  many 
things  with  them,  but  I  do  not  love  the  complications  of  switch- 
boards and  transformers.  For  all  distribution  systems — distribu- 
tion, I  say,  not  transmission  systems — where  you  have  not  only 
to  transmit  but  to  distribute  to  this  and  that  and  the  other  con- 
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sumer,  I  believe  you  will  abandon  all  the  complications  of  poly- 
phase work  and  that  you  will  return  to  simple  alternate  current 
methods,  and  I  believe  you  will  find  that  the  bugbears  that  have 
been  raised,  the  ghosts  that  have  been  put  up  to  frighten  you  off 
the  simple  alternate  current  system  will  disappear  in  practical 
work,  and  that  the  motors  can  be  made  as  highly  efficient  and  as 
comfortable  with  simple  alternate  currents  as  with  any  polyphase 
system.  As  I  said  before,  I  do  not  desire  to  prophecy,  but  I 
venture  to  merely  giving  you  my  personal  opinion,  that  the  sim- 
ple alternate  current  work  will  be  the  thing  wnich  ten  years  hence 
will  be  found  to  be  effective  for  all  long  distance  transmission 
where  you  want  to  distribute  to  a  number  of  consumers. 

One  final  word  in  conclusion.  We  in  England  are  trying  to 
get  our  stations — I  am  speaking  mainly  of  lighting  stations — 
whether  they  work  by  high  voltage  or  low,  down  to  the  utmost 
simplicity  of  engineering.  We  snail  have  one  type  of  engine 
suitable  for  its  purpose,  not  half  a  dozen  different  scratch  lots  in 
the  same  station,  and  one  type  of  generator.  We  have  two  sim- 
ple conductors,  or  at  most  three,  it  you  are  working  on  a  three 
wire  distribution.  Everything  is  tending  in  the  direction  of  sim- 
plicity, and  the  results  are  excellent. 

If  I  had  come  over  here  expecting  to  go  back  to  England  and 
say,  apparatus  has  got  down  to  such  a  beautiful  stage  of  simplicity 
in  the  States  that  you  will  have  to  give  up  everything  you  have  got 
in  the  old  country  and  adopt  the  polyphase  system,  I  should  think 
that  I  would  have  been  very  effectively  disillusioned,  but  the  com- 
plications of  those  two  diagrams  which  I  6ee  before  me,  although 
they  represent  a  most  enormous  amount  of  research,  of  invention, 
of  instruction  and  of  capital  fearlessly  placed  at  the  disposal  of 
the  inventors,  are  sufficient  evidence  to  my  mind  of  the  correct- 
ness of  my  views.  I  admire  what  has  been  done,  but  while  ad- 
miring it  I  cannot  help  thinking  that  there  is  something  simpler 
which  will  be  the  successful  machine  of  the  future. 

Prof.  Thompson's  remarks  were  greeted  with  great  applause, 
and  at  the  conclusion  the  Chairman  introduced  Professor  George 
Forbes,  F.  R.  S.,  of  London,  who  addressed  the  Section  as  follows : 

Prof.  Forbes  : — Nothing.  Mr.  Chairman  and  gentlemen,  could 
give  me  greater  pleasure  than  to  be  told  that  I  am  to  be  limited 
to  five  minutes.  I  have  half  an  hour  ago  landed  from  the  cars, 
and  I  have  only  just  been  able  to  manage  to  come  into  the  tail 
end  of  your  discussion.  I  had  expected  to  arrive  early  this  morn- 
ing and  to  be  here  on  time,  and  1  traveled  in  order  to  be  present 
at  this  discussion.  I  labor  under  the  disadvantage  of  not  having 
heard  the  papers  read,  of  not  knowing  what  the  subject  under 
discussion  is,  of  only  having  heard  the  last  part  of  Professor 
Thompson's  remarks,  and  being  suddenly  called  upon  to  address 
you  on  the  subject  under  discussion.  I  know  that  the  subject 
under  discussion  is  the  subject  which  has  been  continually  occu- 
pying my  mind  for  many  years  back,  for  which  I  have  been  mak- 
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ing  journeys  to  the  United  States  year  after  year,  and  to  every 

5 art  of  Europe  where  I  thought  work  in  this  direction  was  being 
one.  It  is  a  work  which  during  the  last  year  and  a  half  has 
been  the  incessant  occupant  of  my  mind,  and  not  one-quarter  of 
my  time,  awake  and  asleep,  has  been  taken  away  from  this  sub- 
ject, and  it  is  impossible  to  compress  into  five  minutes  all  the 
things  I  would  wish  to  say  to  you  on  this  subject.  Briefly  let  me 
take  up  the  points  which  Professor  Thompson  was  alluding  to, 
and  say  a  few  words  on  some  of  them. 

The  first  question  that  arises  in  this  matter  is  the  relative  im- 

{>ortance  of  direct  and  alternating  currents.  Professor  Thompson 
ias  wisely  said,  with  regard  to  the  different  systems,  that  each 
has  its  own  sphere  of  action.  He  is  perfectly  right,  and  every- 
body who  has  gone  thoroughly  into  the  question  will  agree  with 
him.  The  grandest  work  in  connection  with  the  use  of  the  con- 
tinuous current  for  transmission  to  distances  is  that  which  I  have 
seen  at  Genoa  constructed  by  the  Companie  G6n6rale  d'Electricite 
of  Geneva,  a  representative  of  which,  M.  Thury,  I  believe  is 
present  here  now.  They  have  done  a  splendid  work  in  putting 
that  down,  working  at  the  high  voltage.  They  have  worked  even 
up  to  6,000  or  8,000  volts.  They  are  now  doing  other  work  in 
the  same  direction.  The  continuous  current  can  be  used  for 
transmission  to  a  distance,  and  in  many  ways  it  is  extremely  con- 
venient, but  it  has  none  of  the  beauty,  none  of  the  diverse  appli- 
cations of  the  alternating  current.  The  trouble  which  exists  in 
the  commutator  is  a  very  serious  one,  and  I  will  not  dilate  upon 
it  further,  as  it  has  often  been  spoken  of.  The  trouble  in  insu- 
lating the  armature  is  a  very  serious  one,  largely  because  in  con- 
tinuous current  machines  the  armature  must  be  the  revolving 
part.  In  the  alternating  current  we  may  have  the  armature  as 
the  fixed  part.  In  that  case  the  armature  is  just  as  easy  to  in- 
sulate as  the  high  tension  side  of  a  transformer.  You  may  put 
oil  into  it  if  you  wish  to  carry  off  the  heat,  but  if  you  trust  in 
any  way,  and  it  is  dangerous  to  trust  far,  to  its  extra  insulating 
properties,  it  is  perfectly  suitable.  You  may  place  the  wires  so 
that  they  are  not  acted  upon  by  the  mechanical  action  of  the 
magnetic  field.  Professor  Thompson  has  said  it  is  best  to  con- 
nect the  generators  in  series,  and  you  get  your  best  insulation.  At 
the  receiving  end  it  is  necessary  to  do  the  same.  You  cannot 
have  a  5,000  or  10,000  horse  power  motor  in  every  work  shop 
and  you  must  put  them  in  series,  and  the  complications  are  mani- 
fold. I  will  not  go  further  into  this  question.  1  have  stated  the 
general  points  and  I  will  now  devote  the  remaining  two  minutes 
to  another  subject. 

The  great  charm  and  beauty  of  the  alternating  current  lies  in 
the  flexibility  introduced  by  means  of  the  transformers.  It  is 
impossible  to  overrate  the  advantages  of  the  transformer.  A  con- 
tinuous current  introducing  rotating  motor-transformers  has  no 
comparison  with  the  simplicity  and  the  practicability  of  the  al- 
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ternating  current  transformer.     I  was  pleased  to  hear  Professor 
Tho  npson  speak  about  the  single  phase.    The  single  phase  is  a 

freat  thing  at  present  and  has  great  possibilities  in  the  future.  I 
ave  had  a  very  long  experience  of  synchronizing  alternating 
machines  used  as  motors,  and  I  have  the  very  highest  opinion  of 
them,  but  they  are  only  applicable  in  such  cases  where  the  motive 
power  is  required  constantly  to  be  running.  For  electrical  depo- 
sition works  the  synchronous  motor  is  admirably  adapted,  and 
also  to  motor  mills,  but  for  all  appliances  where  we  have  to  start, 
stop  and  reverse  our  motors,  it  is  practically  out  of  the  question 
to  put  in  the  synchronizing  system.  I  have  watched  in  the  work 
shops  of  the  greatest  practical  electricians  in  the  world  the  pro- 
gress that  they  have  been  making  in  the  last  three  or  four  years 
in  the  evolving  of  an  alternating  current  motor  which  shall  stop 
and  reverse  with  facility.  Until  quite  lately  there  were  none  of 
those  which  were  thoroughly  suitable  and  applicable  to  ordinary 
lighting  circuits.  Now,  nowever,  we  are  able  to  use,  as  Pro£ 
Thompson  has  said,  a  polyphase  system  for  starting  the  motor, 
and  use  it  synchronously  afterwards,  or  nearly  synchronously. 
That  is  a  very  great  advance,  and  1  personally  have  great  hopes 
that  the  single  phase  is  going  to  play  a  very  important  part  in 
the  future. 

On  the  subject  of  the  best  means  to  adopt,  my  tongue  has 
been  considerably  tied  in  the  past,  and  with  regard  to  the  rela- 
tive advantages  of  the  three  phase  and  two  phase  systems,  on  a 
late  occasion,  at  the  convention  of  the  National  Electric  Light  As- 
sociation at  St.  Louis,  when  I  was  asked  to  speak,  for  reasons  which 
were  readily  appreciated  I  was  not  able  to  speak  on  that  subject. 
Those  reasons  no  longer  exist.  I  beg  to  say  that  as  far  as  I  have 
studied  the  two,  and  I  have  given  a  great  deal  of  personal  and 
practical  study  to  it,  my  opinion  is  that  they  are  both  very  good, 
both  very  excellent ;  that  the  three  phase  is  an  attractive  one 
from  its  theoretical  beauty,  but  in  practical  execution  the  two 
phase  is  better.  The  reasons  why  1  have  a  dislike  to  using  the 
three  phase  is  first  the  complications  caused  by  having  three  con- 
ductors, all  inter-connected.  This  introduces  trouble  in  regulat- 
ing the  circuit.  It  introduces  troubles  in  testing  and  it  intro- 
duces troubles  in  correcting  a  fault  which  has  arisen.  I  can 
imagine  the  perplexity  of  an  ordinary  central  station  attendant 
when  he  is  told  that  there  is  a  fault  in  the  line,  in  his  endeavors 
to  find  it ;  if  it  is  a  three  wire  system  where  that  fault  is,  it  in- 
creases the  labor  enormously,  but  with  two  phase  the  wires  may 
be  inter-connected  or  they  may  be  separated.  I  prefer  to  have  a 
two  phase  system  with  separate  independent  circuits,  and  then 
they  are  more  easily  managed  and  more  easily  tested  and  more 
easily  regulated.  Moreover,  when  the  three  circuits  are  inter- 
connected each  one  has  an  influence  on  the  other.  If  you  over- 
load one  circuit  and  underload  another  circuit,  the  underloaded 
circuit  has  a  pressure  much  higher  than  the  overloaded  circuit. 
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That  is  a  fact  which  is  generally  known.     It  is  not  generally 
known  that  if  you  have  three  circuits,  a,  b  and  c  on  tne  three 

{)hase  system,  that  if  a  is  overloaded  and  b  and  c  are  not 
oaded,  then  b  may  have  a  higher  voltage  than  a,  but  c  has  a 
higher  voltage  than  either  of  them.  That  is  a  fact  that  is  not 
generally  known,  and  has  to  be  known  to  be  appreciated.  It  is 
a  very  serious  drawback  to  the  use  of  the  three  phase  system. 
For  lighting  purposes  it  condemns  it.  I  have  advised  the  officers 
of  the  Cataract  Construction  Company  to  reject  the  three  phase 
and  to  built  their  first  dynamos  with  two  phases,  because  in  so 
doing  my  honest  conviction  is  that  we  are  preparing  the  way  to 
utilize  those  dynamos  in  every  direction  in  which  alternating  cur- 
rent transmission  is  going  to  be  developed  in  the  next  ten  years. 
The  two  phase  system  has  not  only  the  advantage  of  being  able 
to  work  the  two  phase  motors,  but  it  has  the  enormous  advantage 
that  it  gives  you  two  single  phase  circuits.  You  are  able  to  work 
each  of  those  with  the  synchronizing  motor  and  with  all  the 
single  phase  machinery  wnich  is  going  to  be  invented  in  the  next 
ten  years,  and  at  the  same  time  you  have  all  the  advantage  of  the 
splendid  work  which  is  being  done  on  the  two  phase  system,  and 
1  wish  that  we  should  be  able  to  have  both  of  these  advantages. 
The  dynamos  which  are  going  to  be  put  down  at  Niagara  are 
capable  of  generating  either  single  phase  or  two  phases.  A 
dynamo  so  constructed  will  give  you  the  single  phase  cheaper 
than  if  it  were  constructed  with  one  circuit ;  that  is  to  say,  there 
is  a  larger  output  with  two  single  phases  from  one  generator  than 
from  one  single  phase  circuit  from  a  single  phased  generator  of 
the  same  dimensions. 

Mr.  Chairman  and  Gentlemen,  I  feel  that  I  have  occupied  a 
little  more  than  five  minutes,  and  in  that  time  it  is  quite  impossi- 
ble to  say  one  tithe  of  what  I  feel  is  due  to  the  importance  of 
the  subject.  I  have  tried  briefly  to  summarize  the  results  which 
have  been  arrived  at  by  myself,  and  which  I  think  all  those  who 
have  been  investigating  with  the  same  care  have  also  arrived  at. 

The  Chairman  then  introduced  Mr.  C.  P.  Steinmetz  of  Lynn, 
Mass.,  stating  that  he  would  close  the  discussion. 

Mr.  Steinmetz  : — Mr.  Chairman,  ladies  and  gentlemen :  We 
have  heard  quite  a  number  of  able  discussions  on  the  different 
methods  of  power  transmission  and  distribution.  The  largest 
amount  of  power  which  is  distributed  and  used  in  the  United 
States  to-day  is  distributed  by  continuous  current.  I  am  speaking 
of  the  hundreds  of  thousands  of  horse  power  used  to  propel  our 
street  cars.  That  6ho  ws  that  the  continuous  current  is  not  dead  yet, 
and  the  very  fact  that  the  rotary  transformer  is  recommended  as 
a  machine  to  transform  polyphase  currents  into  continuous  cur- 
rents shows  that  even  the  advocates  of  the  polyphase  current  still 
concede  that  they  cannot  get  along  without  the  old  continuous 
current. 

Now,  with  regard  to  the  polyphase  and  the  single  alternating 
current,   it  makes  no  difference  how  many  phases  you  use,  be- 
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cause  any  system  of  polyphase  currents  can  be  transformed  into 
any  other  system  of  polyphase  currents,  by  using  two  transform- 
ers only.  Furthermore,  the  motors  of  the  different  polphase  sys- 
tems are  essentially  the  same,  worked  by  the  same  principles,  and 
the  differences  which  are  found  are  rather  mechanical  in  their 
nature  but  not  electrical.  If  I  may  be  permitted  to  take  a  look 
into  the  future,  although  we  do  not  know  what  to-morrow  will 
bring,  I  think  the  system  of  the  future  will  be  the  single  phase 
system.  Where  the  power  is  transmitted  over  a  long  distance  by 
an  overhead  wire,  the  ground  can  be  used  as  the  return  conduc- 
tor. There  is  no  danger  to  life,  because  no  one  would  touch  a  20, 
000  volt  line,  whether  it  is  grounded  or  not,  or  if  he  did  he 
would  have  no  chance  to  do  it  again.  But  if  we  use  a  single  phase 
current  in  the  power  transmission  of  the  future  then  we  will  have  to 
learn  many  things.  We  will  not  be  troubled  any  more  with  self- 
induction,  with  capacity,  but  proper  appliances  will  eliminate  the 
effect  of  self-induction  and  capacity,  so  that  they  are  entirely  ani- 
hilated  in  their  effect  on  the  line,  and  even  the  loss  of  energy  and 
resistance  will  not  be  carried  any  more  by  a  less  potential.  In  a 
continuous,  constant  current  for  arc  lighting  or  for  any  other  use, 
perhaps  we  are  nearer  to  this  ideal  condition  than  we  all 
think. 


The  Chairman  then  introduced  Dr.  Charles  A.  Pollak,  who 
read  the  following  paper  on  "  The  Conversion  of  Alternating 
into  Continuous  Currents,"  at  the  close  of  which  the  meeting 
adjourned  to  August  25,  1893,  at  10  a.  m. 


A  NOVEL   METHOD   OF   TRANSFORMING    ALTER 
NATING  INTO  CONTINUOUS  CURRENTS. 


BY   DB.    CHABLES   POLLAK. 


It  is  well  known  that  the  use  of  accumulators  in  central  stations 
has  taken  a  great  development  in  Europe  during  the  last  years. 
Indeed  nearly  all  the  central  plants  in  Germany,  France  and 
England  generating  direct  current  are  now  provided  in  the  cen- 
tral station  itself,  or  in  sub-stations,  with  storage  batteries  of  com- 
paratively large  size  working  in  parallel  with  the  dynamos  while 
the  load  is  at  its  maximum  and  eupplying  the  whole  current 
needed  in  the  time  of  low  demand.  The  technical  journals  have 
given  ample  information  about  this  subject.  I  desired  to 
show  you  on  this  occasion  the  projections  of  several  central  sta- 
tions which  we  build  in  Germany  ;  unfortunately  they  were  not 
ready  at  my  departure,  and  as  our  mails  are  not  yet  run  by  elec- 
tricity they  arrived  only  yesterday.  The  photographs  represent 
batteries  of  accumulators  for  110  volts  and  our  types  of  600  and 
1200  ampere-hours  in  central  stations  built  by  Schuckert  &  Co., 
of  Nuremberg,  and  by  the  Society  of  Electric  Lighting  in  Frank- 
fort-on-the-Main. 

The  alternating  current  lighting  stations  storage  batteries  have 
also  proved  of  great  usefulness  for  exciting  the  magnetic  iield  of 
generators,  the  latter  giving  in  these  cases  far  better  results  as  to 
production  of  constant  tension  and  regular  light  than  with  exci- 
tation by  means  of  direct  current  dynamos.  But  it  has  not  been 
possible  as  yet  to  secure  for  alternating  machinery  a  reserve  to 
be  disposed  of  at  any  time  for  the  supply  of  current  equal  to  the 
ever  ready  storage  battery  in  the  direct  system,  nor  to  combine 
with  an  alternating  system  sub-stations  duly  situated  and  pos- 
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seasing  all  the  advantages  of  the  direct  system,  including  the 
supply  of  current  for  electro-chemical  work  and  ordinary  motors. 
(Another  field  is  about  opening  for  the  employment  of  station- 
ary accumulators  in  electric  railway  plants.)  The  Burplus  cur- 
rent necessary  at  the  moments  of  starting  or  for  overcoming 


steep  grades  is  now  in  many  cases  supplied  by  storage  batteries 
placed  either  in  the  generating  station  or  near  the  points  of 
increased  demand  for  current.  Owing  to  the  lack  of  appropriate 
alternate  current  motors  this  sort  of  current  has  not  as  yet  any 
significance  for  electric  railways,  though  it  might  give  many 
advantages,  especially  on  long  lines  such  as  are  now  being  built, 
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by  applying  high  tension  primaries  and  line  transformers.  If 
there  were  simple  means  for  directly  feeding  from  transformer 
.sub-stations  on  the  line,  the  usual  continuous  current  motors  and 
.charging  auxiliary  storage  batteries,  with  or  without  capacity,  a 
great  saving  in  conducting  material  and  a  remarkable  increase  in 
safety  and  simplicity  of  working  would  be  the  result. 

All  these  considerations  have  led  me  to  the  construction  of  an 
apparatus  for  directly  transforming  alternating  into  direct  cur- 
rents that  requires  little  cost,  little  space  and  little  attendance 
and  gives  high  economical  results.  I  call  this  transformation 
direct  in  contrary  to  the  well  known  method  of  using  a  dyna- 
motor  consisting  of  an  alternate  current  motor  and  a  direct  cur- 
rent generator  on  the  same  axis. 

An  ordinary  commutator  held  in  motion  synchronous  with  an 
alternating  current  generator  gives  birth  to  a  pulsating  current  of 
the  same  direction  whose  tension  varies  between  zero  and  a  cer- 
tain maximum  given  by  the  generator;  it  will  therefore  not  be 
able  to  drive  direct  current  motors  or  produce  electrolytical 
effects,  to  fulfill  these  purposes,  the  tension  of  the  pulsating  cur- 
rent is  to  remain  above  a  certain  minimum  determined  by  the 
counter-electromotive  force  to  be  overcome  in  the  performance 
of  an  electrical  work.  Herefrom  I  have  drawn  the  following 
principles  for  the  construction  of  the  commutator. 

The  typical  commutator  of  this  kind  consists  of  two  ranges  of 
insulated  strips  alternately  connected  with  the  generator.  The 
width  of  the  insulation  between  the  strips  is  in  a  definite  pro- 
portion to  the  width  of  the  strips,  which  proportion  is  made 
adjustable  so  that  the  brushes  of  the  commutator  will  take  off 
only  that  part  of  the  current  whose  tension  has  the  proper  value. 

If  now  for  instance  an  accumulator  battery  is  to  be  charged,  I 
will  first  adjust  the  proportion  between  the  width  of  the  strips 
and  of  their  intervals  in  such  a  way  that  the  tension  of  the  pul- 
sating current  to  be  taken  off  by  the  brushes  and  led  to  the 
battery,  may  not  drop  beneath  the  amount  of  the  counter-electro- 
motive force  of  the  accumulators  and  the  latter  be  avoided  from 
discharging  in  the  generator  circuit.  Then  I  will  finish  the 
adjustment  of  the  commutator  by  a  definite  displacement  of  the 
brushes  in  order  to  produce  the  interruptions  of  the  pulsatory 
current  in  those  moments  when  its  tension  is  equal  to  the  coun- 
ter-electromotive force  of  the  battery  in  charge  and  so  does 
entirely  away  with  sparking. 
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In  my  first  apparatus  for  laboratory  purposes  the  commutator 
fixed  on  the  prolonged  axis  of  a  small  synchronous  alternating 
current  motor  consisted  of  two  sliding  rings  insulated  from  each 
other  and  which  the  alternating  current  is  led  to  by  brushes,  and 
two  ranges  of  strips  with  converging  edges  alternately  connected 
to  the  sliding  rings.  The  brushes  sliding  on  the  surface  of  the 
strips  can  be  displaced  in  the  ordinary  way  round  the  axis  and 
parallel  to  it.  The  combination  of  these  two  movements  allows 
to  fix  the  necessary  minimum  tension  of  the  pulsatory  current  as 
well  as  the  sparkless  taking-off  of  this  current  in  those  moments 
when  its  tension  is  equal  to  the  counter-electromotive  force  and 
consequently  its  intensity  zero. 

Later  on  I  left  the  pointed  strips  in  the  apparatus  for  practical 
use.  The  edges  of  the  strips  are  made  parallel  to  the  axis  and 
the  two  ranges  of  strips  fit  to  be  displaced  against  each  other  by 
turning  them  separately  round  the  axis  ;  besides  there  are  take-off 
brushes  in  double  number  whose  distance  can  also  be  varied.  By 
combining  these  two  movements  I  may  succeed  without  any  diffi- 
culty in  quickly  attempting  the  appropriate  position  as  to  tension 
and  sparkless  working.  In  this  shape  the  device  is  cheap,  occu- 
pies but  a  small  space  without  foundations  and  requires  little  at- 
tendance in  comparison  with  a  transformer  dynamo  of  the  same 
output.  As  to  attendance  in  charging  accumulators  for -instance, 
the  adjustment  will  have  to  be  changed  successively  at  the  begin- 
ning of  a  charge  during  about  a  quarter  of  an  hour  according  to 
the  then  rapid  increase  of  the  tension  ;  then  nearly  no  attention 
need  be  given  the  commutator,  the  tension  rising  at  a  very  low 
rate  until  the  end  of  the  charge  approaches  and  the  voltage 
rise  faster  necessitating  new  adjustment  of  the  intervals  and 
brushes;  the  whole  attendance  therefore  is  very  simple  and  takes 
little  time  and  effort.  To  reduce  the  attendance  I  shall  provide 
the  new  machines  with  automatic  brush  regulators.  The  first 
apparatus  was  built  for  80  amperes  and  has  proved  to  perform 
the  transformation  with  nearly  no  loss  at  all.  The  measurements 
have  been  executed  in  the  following  manner.  The  alternating 
current  was  passed  through  a  step-down  transformer  and  the 
secondary  first  through  a  liquid  resistance  and  then  through  the 
•commutator  and  battery  to  be  charged  in  both  cases.  The  number 
of  watts  in  the  primary  and  secondary  circuit  of  the  transformer 
were  measured  by  means  of  a  wattmeter.  The  output  in  the 
first  case  was  82,770 ;  in  the  second  82,070.     The  motor  having 


442  POLLAK  ON  TRANSFORMING  CURRENTS. 

only  to  overcome  the  friction  of  the  brashes  requires  only  from 
80  to  100  watts  with  full  load,  or  less  than  190  of  the  whole 
energy  passing  through  the  commutator. 

(The  small  efficiency  of  only  82  per  cent,  of  the  transformers 
will  be  easily  explained,  as  I  had  at  my  disposal  only  transformers 
of  older  style.) 

It  might  be  said  that  a  pulsatory  current,  as  produced  by  this 
commutation,  was  perhaps  not  good  for  charging  accumulators,, 
but  in  my  experience  I  did  not  find  any  difficulty  with  it.  It 
may  be  true  that  grid  or  other  oxide  pasted  plates  will  not  stand 
it,  owing  to  insufficient  contact  between  grid  and  active  mass ;  in 
every  case  the  Plants  type  pure  lead  plates  are  preferable  for  the 
purpose.  (The  accumulators  used  in  my  experiments,  were  of  my 
own  system.)  They  have  pure  lead  plates  or  electrodes,  produced 
by  electrolytically  depositing  porous  lead  on  laminated  lead 
plates,  provided  with  large  conducting  surface ;  this  artificial  in- 
crease of  surface  is  effected  by  previously  passing  the  lead 
bands  through  specially  designed  rollers  which  impart  a  great 
number  of  ribs.  When  ready  for  U6e,  the  plates  are 
most  solid  and  may  be  thrown  or  bent  without  harm,  the  porous 
lead  adhering  so  fast  to  the  core  that  no  exact  limit  exists  be- 
tween them  anymore.  Moreover,  the  plates  are  arranged  in  the 
cells  in  such  a  way  as  to  grant  them  free  extension  in  either  di- 
rection by  suspending  each  plate  separately  on  two  glass  tubes. 
The  charging  of  these  accumulators  by  means  of  the  alternating 
current  commutated  as  described  above,  is  performed  in  quite  simi- 
lar manner  and  in  no  more  time  than  with  the  ordinary  direct  cur- 
rent. Indeed,  the  bubbles  of  hydrogen  and  oxygen  gas  escaping 
at  the  end  of  the  charge,  being  usually  small  with  pure  lead 
plates  seem  to  be  of  still  less  size  when  commutated  current  is 
employed  and  give  the  liquid  quite  a  milky  appearance;  herefrom 
it  may  be  inferred  that  the  destructive  effects  the  bubbles  some- 
times produce  upon  the  porous  surface  layers  by  mechanical  ac- 
tion in  casec  of  over-charging  or  exceeding  charging  intensity  are 
of  lower  influence  on  the  durability  of  the  plates  than  even  with 
common  direct  current. 

The  kindness  and  courtesy  of  several  American  gentlemen, and 
especially  of  the  General  Electric  Company,  for  which  I  express 
here  my  best  thanks,  enables  me  to  show  to  those  who  are 
especially  interested  in  this  matter,  the  machine  jnst  described, 
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in  the  World's  Fair  Electrical  Building,  German  Section,  at  5 
o'clock  to-morrow. 


Fourth  and  Final  Meeting,  Fbiday,  August  25,  1893. 


Section  C  was  called  to  order  by  the  Chairman,  Prof.  Edwin  JL 
Houston,  at  10  o'clock, 

On  motion  of  Lieutenant  Hasson,  it  was 

lie  dived i  That  the  Secretary  of  this  Section  be  instructed 
to  draw  up  a  letter  of  thanks  to  Lieutenant  Spencer,  of  the  Gen- 
eral Electric  Company,  in  acknowledgement  of  the  many  court- 
esies extended  by  him  to  members  of  the  Congress. 

The  Chairman  announced  that  before  passing  to  the  discussion 
on  Power  Transmission  continued  from  the  preceding  day  Mr» 
Frick  desired  to  make  a  few  remarks  on  Dr.  rollak's  paper.  Mr. 
Frick  spoke  as  follows : 

Mb.  Fkick  : — The  apparatus  described  by  Mr.  Pollak  is  of  very 
great  importance;  I  will  not  6ay  for  this  country  to-day,  but  it 
may  be  in  the  future.  I  do  not  think  it  impossible  that  in  a  few 
years  you  will  have  in  this  country  accumulators,  and  then  you 
will  see  the  great  importance  of  having  apparatus  that  transforms 
alternating  currents  into  direct  currents  in  an  easy  and  cheap 
manner.  In  Europe,  as  you  know,  accumulators  are  in  very  ex- 
cessive use,  and  1  think  they  are  used  in  America,  'although  the 
central  stations  do  not  use  them.  In  the  winter  the  disadvantage 
in  thi6  country  at  stations  is  very  great.  You  must  furnish  all 
the  currents  by  machines,  and  one  Tiorse-power  delivered  by  ma- 
chines is  about  40  per  cent,  dearer  thau  the  one  horse  power 
given  out  by  accumulators,  on  the  supposition  that  accumulators 
and  machines  are  to  be  placed  in  the  same  room  in  the  same  sta- 
tion. Now,  in  Germany  we  have  tried  a  system  of  distribution 
with  small  accumulating  stations  distributed  in  the  town,  but 
the  stations  have  as  yet  not  been  as  successful  as  the  direct  dis- 
tribution system,  and  I  would  like  to  say  that  the  reason  for  that 
has  in  great  part  been  the  great  cost  of  the  alternate-direct  cur- 
rent transformer.  You  want  to  transmit  power  from  the  central 
station  to  the  different  sub-6tations  in  the  cheapest  manner, 
which  I  am  sure  is  by  the  use  of  an  alternating  current 
of  high  potential.  To  change  the  alternating  current 
into  a  direct  current,  we  had  heretofore  no  other  device  than  to 
take  an  alternating  current  motor  and  couple  it  with  a  direct  cur- 
rent dynamo.  This  device  is  a  very  expensive  one.  If  you  take 
now  tnis  apparatus  devised  by  Mr.  Pollak,  it  is  a  very  cheap  one, 
it  costs  hardly  anything,  and  a  second  point  of  very  great 
importance  is  that  the  ordinary  motor  transformer  to  convert  al- 
ternating into  direct  current  has  a  very  bad  lose.  Mr.  Pollak's 
transformer  does  not  lose  more  than  three  or  four  per  cent,  and 
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thus  there  is  a  gain  of  10  or  15  per  cent.  For  the  purpose  of 
demonstrating  to  you  what  will  be  saved,  I  have  brouglit  with  me 
some  plans  that  we  have  made  for  the  city  of  Frankfurt.  As 
the  whole  city  was  to  be  lighted  we  wanted  to  know 
definitely  what  was  the  best  system  for  it  and  we  drew  up  a  great 
many  plans.  We  had  first  an  alternating  current  system  with 
primary  and  secondary  net  works ;  second,  we  had  a  great  nam* 
bsr  of  accumulator  stations  charged  at  200  volts  ;  and  finally  the 
system  of  alternating  direct  current  transformers ;  and  to  tefi  you 
the  result  I  will  say  that  the  simple  alternating  current  was  by 
far  the  best.  The  alternate  direct  current  transformer  system 
could  not  be  used  because  it  cost  too  much  for  the  transformers, 
and  there  was  also  great  loss  in  it.  This  great  lo9S  and  great  cost 
made  it  impossible  to  accept  this  plan,  and  hence  you  see  the  im- 
portance of  this  invention  of  Mr.  Pollak,  because  his  apparatus 
costs  very  little,  whereas  these  motor  dynamo  transformers  cost 
about  730,000  marks.  If  you  take  away  this  great  expense  you 
will  have  about  the  same  cost  as  for  the  ordinary  alternating  cur- 
rent system.  I  wish  to  point  out  to  you  that  in  the  future  this 
matter  may  become  of  some  importance  in  America  also.  In 
Europe  they  are  using  a  great  many  accumulators,  and  all  the 
people  that  use  them  are  well  satisfied  with  them. 

The  Chairman  : — I  will  now  call  upon  Professor  George 
Forbes  to  re-open  the  discussion  on  Multiphase  Motors  and  the 
Transmission  of  Power.  It  was  quite  unfair  to  limit  Professor 
Forbes  to  the  very  short  time  that  we  did  yesterday,  I  did  not 
know  at  the  time  that  the  Professor  had  arrived  at  the  end  of  a 
very  tiring  journey.  He  is  now  in  better  condition  to  speak  and 
1  take  pleasure  in  extending  to  him  all  the  time  he  needs. 

Professor  Forbes  : — Mr.  Chairman  and  gentlemen :  I  read  in 
the  morning  papers  that  there  has  been  an  organized  conspiracy 
among  the  American  engineers,  led  by  no  less  a  man  than  our  es- 
teemed friend,  Dr.  Duncan,  to  "draw"  the  foreign  engineers  on 
the  subject  of  the  transmission  of  po.ver  and  multiphase  motors. 
Now,  in  the  first  place,  I  presume  that  has  no  reference  to  me. 
I  must  say  from  the  relationships  which  I  have  had  with  every 
one  over  here,  I  hardly  look  upon  myself  as  a  foreign  engineer, 
but  even  if  such  an  attempt  has  been  made  to  "  draw  "  the  for- 
eign engineers  out,  I  do  not  see  what  the  object  of  it  was.  I  do 
not  see  that  they  need  any  drawing  out.  Tliey  are  only  too  glad 
to  enter  into  the  discussion  of  the  things  which  are  of  mutual 
benefit  to  everybody. 

Your  Chairman  has  been  good  enough  to  ask  me  to  commence 
this  discussion  with  some  further  remarks  on  the  transmission  of 
power  and  on  the  use  of  alternating  currents  and  multiphase 
motors.  I  feel  that  before  such  an  assembly  it  is  a  very  fitting 
time  that  one  should  say  a  few  words  about  one  of  the  great 
works  on  which  I  myself  have  been  engaged,  and  the  history  of 
the  progress  in  connection  with  that  work  and  the  condition  of 
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affairs  at  the  present  moment  in  the  way  of  utilizing  the  Falls  of 
Niagara.  A  great  deal  of  time  and  thought  has  been  given  to 
selecting  the  best  6ystem  to  be  adopted  for  this  work,  and  for  a 
long  time  the  question  was  open  whether  the  power  should  be 
used  directly  by  wheel  pits  communicating  with  each  separate 
mill  that  was  going  to  take  the  power.  It  was  a  resolution  of 
the  deepest  importance  which  was  arrived  at  by  the  President  of 
the  Cataract  Coustruction  Company  when,  after  having  inspected 
all  that  was  being  done  in  Europe  and  knowing  all  that  was 
being  done  in  America  in  the  way  of  transmission  of  power,  he 
telegraphed  to  the  New  York  office  that  it  must  be  decided  to 
start  central  stations  at  the  Falls  of  Niagara.  That  was  the  first 
step  that  was  taken.  The  question  then  was  whether  the  power 
should  be  transmitted  to  the  work  shops  requiring  power  by  com- 
pressed air,  by  rope  transmission  or  by  electricity,  and  I  may  say 
that  for  a  long  time  there  was  a  great  preponderance  of  opinion 
in  favor  of  compressed  air.  Finally  we  have  all  to  congratulate 
ourselves  that  the  resolution  was  adopted  to  do  the  whole  of  the 
transmission  by  means  of  electricity. 

In  the  year  1890  a  number  of  plans  were  invited  from  different 
engineers  and  manufacturing  firms  as  to  the  best  means  of  utiliz- 
ing this  power.  These  plans  were  submitted  before  an  interna- 
tional congress  consisting  of  members  well  known  in  the  engi- 
neering and  electrical  world  of  all  countries,  who  met  in  London 
at  the  oeginning  of  1891.  At  that  time  one  report  used  these 
words :  "  It  will  be  somewhat  surprising  to  engineers  in  general 
as  it  was  to  myself  to  find  that  the  only  possible  means  of  trans- 
mitting this  power  to  Buffalo  and  the  be6t  means  for  using  it  in 
the  neighborhood  of  the  Falls  is  by  means  of  the  alternating  cur- 
rent." I  made  that  statement  in  my  report  after  having  con- 
sidered carefully  every  means  which  was  then  available.  I  have 
never  had  any  reason  to  change  my  opinion  from  the  year  1890 
to  the  present  day.  I  proposed  then  that  the  work  should  be 
done  by  alternating  currents  generated  in  two  phases ;  that  these 
should  be  sent  along  separate  circuits  at  high  voltage;  that 
transformers  should  be  used  for  reducing  the  pressure  down  and 
introducing  a  safe  pressure  into  the  work  snops ;  that  in  the 
work  shops  synchronizing  alternating  motors  should  be  used  in 
most  cases,  and  that  in  other  cases  two  phase  motors  should  be 
employed,  and  that  in  the  cases  where  the  direct  current  was  neces- 
sary, alternate  current  motors  should  be  used  to  drive  continuous 
current  dynamo  machines.  That  was  in  the  year  1890  and  in  the 
present  }ear,  1893,  there  is  hardly  a  change  to  be  made  upon  that 
system  which  was  then  proposed;  In  tie  interval  of  that  time, 
however,  we  have  been  only  too  anxious  to  hear  all  that  could  be 
said  in  favor  of  every  different  system,  and  I  myself  have  felt  a 
perfectly  open  mind  in  the  matter  since  my  having  expressed  an 
opinion  in  1890  ;  in  fact,  I  would  not  have  had  the  least  shame> 
in  view  of  the  rapid  progress  as  made  during  those  three  years,  in 
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changing  my  views  entirely,  and  to  have  said  that  the  continuous 
current  was  the  best  for  the  purpose,  but  we  studied  the  question 
very  thoroughly.  At  the  time  when  that  international  congress 
was  held,  there  was  desire  among  the  members  of  the  commission 
to  pass  a  resolution  which  was  to  be  transmitted  to  the  Cataract 
•Construction  Company  informing  them  that  the  alternating  cur- 
rent could  not  be  used  for  the  purpose.  At  the  present  moment 
every  single  member  of  that  commission  has  changed  his  views, 
except  perhaps  one  and  I  must  say  that  electricians  can  congratu- 
late themselves  on  this  in  the  present  state  of  the  art  of  trans- 
mission of  power,  that  whenever  a  definite  problem  is  brought  for- 
ward, I  notice  that  if  half  a  dozen  able  electricians  consider  the 
question  independently  and  without  personal  interests  to  consult, 
tliey  are  generally  very  close  in  accordance  in  the  methods  which 
they  advise  for  adoption.  You  cannot  say  that  one  system  is 
always  the  best,  and  undoubtedly  each  system  has  times  when  it 
ought  to  be  used,  but  in  any  one  scheme  I  am  bound  to  say  that 
from  what  I  have  seen  most  engineers  will  agree  if  they  have  got 
data  placed  before  them. 

I  mentioned  yesterday  the  chief  considerations  objectionable 
in  the  use  of  continuous  currents  for  the  transmission  of  power 
at  Niagara  Falls.  There  are  many  cases  where  the  continuous 
current  is  the  most  desirable  to  use  for  transmission  of  power, 
and  the  chief  disadvantage  is  the  necessity  of  putting  all  your 
motors  in  series  at  the  receiving  end  of  the  line.  But  in  all  these 
cases  that  come  before  the  practical  engineer,  the  most  important 
thing  to  consider  is  the  question  of  cost.  At  every  stage  of  the 
working  out  of  the  scheme  the  cost  is  really  the  thing  that  governs 
the  engineer  most  of  all,  and  it  is  fortunate  when  we  find  that  the 
best  harmonizes  with  the  cheapest,  as  sometimes  happens  in  great 
engineering  works,  and,  as  I  am  glad  to  say,  it  has  happened  in 
the  case  of  this  great  work  of  the  utilization  of  Niagara  Falls. 
After  the  congress  closed  its  labors  and  when  electricity  was  de- 
cided upon  for  the  purpose,  projects  were  asked  for  from  manv 
of  the  greatest  firms  in  the  world.  They  were  asked  to  submit 
plans  for  dealing  with  this  problem.  Some  proposed  continuous 
currents  and  some  alternating  currents.  The  greatest  difficulty 
was  experienced  in  nearly  every  case  by  those  who  were  propos- 
ing continuous  currents  to  meet  the  requirements  in  any  way 
whatever,  and  in  every  case  the  cost  was  largely  in  excess  of  the 
cost  with  alternating  currents. 

One  of  the  things  which  we  have  decided  upon  is  that  we  are 
to  use  the  same  system  for  the  distant  transmission  as  we  are  to 
use  for  the  nearby  transmission.  Nearly  every  person,  when 
they  have  begun  to  tackle  this  problem,  have  thought  that  it  was 
desirable  to  use  a  lower  voltage  for  the  nearby  transmission.  One 
or  two  thousand  volts  seemed  to  be  considered  right  when  you  were 
only  transmitting  a  distance  of  a  mile  or  two,  whereas  10,000  or 
20,000  volts  was  considered  nearer  right  for  the  distant  transmission, 
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but  the  advantages  which  we  gain  by  using  the  higher  pressure  to  a 

Seat  distance  are  also  gained  in  using  tlie  nearby  distribution, 
oreover,  in  all  these  cases  it  is  almost  impossible  to  grasp  the 
full  conditions  of  the  problem  until  you  come  down  to  drawing 
out  the  details.  Suppose  you  do  start  with  1,000  volts  for  a 
distribution  say  of  the  first  50,000  horse  power  in  the  neighbor- 
hopd  of  the  Falls,  you  will  find  that  the  mass  of  conductors  that 
you  have  to  deal  with  is  something  simply  impossible.  The  most 
convincing  argument  that  I  was  able  to  adduce  on  this  point  was 
by  drawing  a  full  scale  section  of  a  subway  carrying  the  conduc- 
tors which  would  be  necessary  at  50,000  horse  power,  and  it  filled 
a  large  subway  through  which  a  man  could  walk.  It  filled  that 
subway  up  with  conductors  in  such  a  way  as  to  show,  without  any 
further  demonstration,  that  it  was  unpractical.  Moreover,  the 
simplicity  of  having  the  whole  of  the  system  all  in  one  voltage 
is  something  which  cannot  be  overestimated,  and  this  is  the  way 
in  which  we  propose  to  work. 

I  am  glad  to  feel  that  the  universal  opinion  is  now  in  favor  of 
the  adoption  of  alternating  currents.  1  can  only  quote  one  man 
of  any  eminence  who  seriously  and  persistently  considers  that  it 
is  the  greatest  mistake  to  use  the  alternating  current  for  such  a 
purpose.  I  will  not  mention  that  gentleman's  name,  and  it  is  a 
very  well  known  name,  one  that  bears  the  greatest  influence ;  so 
great  that  I  and  those  with  whom  I  liave  been  associated 
have  considered  with  the  utmost  care  every  single  point  in 
the  matter  before  rejecting  the  advice  that  has  been  given  us. 
The  opinion  was  stated  in  a  general  way,  but  the  concrete  way  in 
which  it  was  stated  by  this  authority  was  on  the  top  of  our  ver- 
tical shafts  which  come  from  the  5,000  h.  p.  turbines  we  should 
have  a  building  four  stories  high,  for  each  turbine.  Each  floor 
should  be  insulated  completely  from  the  rest  of  the  building.  At 
each  floor  there  should  be  a  large  toothed  wheel  driving  five 
other  toothed  wheels,  by  a  special  geared  improved  design  on 
each  one  of  which  should  be  a  dynamo  on  a  verticle  axis.  We 
should  thus  have  20  dynamos,  each  1,000  volts,  all  continuous 
current  dynamos,  all  connected  in  series.  That  plan  we  have  con- 
sidered most  carefully,  owing  to  the  source,  from  which  it  came, 
and  we  have  rejected  it  for  present  purposes.  We  are  now  go- 
ing ahead  with  the  alternating  current,  and  at  every  point  the 
question  of  cost  has  been  considered,  and  the  results  which  we 
have  arrived  at  I  believe  are  the  best,  and  I  may  also  say  that 
they  are  certainly  the  most  economical. 

In  the  year  1890,  at  the  time  that  I  proposed  the  adoption  of 
synchronizing  alternators  in  some  cases  ana  Tesla  motors  in  other 
cases,  there  were  comparatively  few  who  had  much  experience  of 
either  one  or  other  of  these  alternating  motors.  The  Tesla  mo- 
tors I  had  fortunately  been  able  to  see  at  the  Pittsburg  works  of 
the  Westinghouse  Company,  and  they  have  been  placed  at  my 
disposal  for  experiments,  and  I  put  a  high  value  on  the  outcome 
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of  these  motors'  and  what  they  would  be  developed  into.     I  re- 

§rct  to  say  that  during  the  intervening;  years  there  was  very  little 
one  in  tiie  way  of  developing  these  Tesla  motors  at  Pittsburg, 
but  in  the  mean  time  the  question  was  being  taken  up  in  other 
countries,  and  in  Europe  at  the  time  of  the  Frankfurt  exhibition 
in  1891  there  was  a  great  deal  of  multiphase  work  shown  in  ac- 
tion.   This  directed  the  attention  of  the  world  to  it,  and  lam  glad 
to  say  now  in  America  also  the  multiphase  motors  have  made 
more  progress.     Professor  Silvanus  P.  Thompson  yesterday  said 
that  he  thought  multiphase  motors  would  disappear  from  general 
distribution,  and  that  the  single  phase  motors  with  a  multiphase 
means    of    starting  the  motor    might  be  the   more   universal 
way  adopted.     That  is  one  of  the  possibilities  of  the  future. 
There  are  several  possibilities  of  the  future  that  we  must  consider 
in  any  very  great  scheme  like  that  which  I  am  speaking  of  at  the 
present  moment,  but  in  the  mean  time  we  must  deal  with  the 
possibilities  of  the  present.     I  consider  that  the  multiphase  mo- 
tors at  the  present  moment  are  not  only  a  possibility,  but  are  a 
valuable  adjunct  to  other  uses  for  which  the  alternating  current 
can  be  used.     Now,  a  great  part  of  the  work  in  any  large  system 
of  distribution  like  that  is  the  continuous  working,  day  and  night, 
or  from  earlv  morning  till  late  at  night.     A  mill  is  started  in  the 
morning  and  never  needs  to  be  shut  off  during  the  day,  and  then 
there  are  other  mills  of  a  character  most  likely  to  be  attracted  to 
such  a  situation  who  run  day  and  night,  from  week's  end  to  week's 
end.     The  largest  consumers  of  power  which  we  have  at  present 
are  thepulp  mills  for  making  wood  pulpforpaper,  consuming  thous- 
ands of  horse  power,  and  next  to  these  come  the  electric  deposition 
works  where  power  is  required  from  week's  end  to  week's  end 
continuously  running.     In  these  cases,  if  it  is  simply  power  you 
require,  a  synchronous  motor  is  admirably  adapted  and  thorough- 
ly satisfactory,  but  in  all  ordinary  work-shop  practice  where  we 
wish  to  be  stopping,  starting  and  reversing  our  machinery,  the 
most  convenient  alternating  motor,  which  is  a  thing,  not  of  the 
future,  but  ready  for  practical  use  at  the  present  moment,  is  the 
multiphase  motor.     It  is  possible  to  do  without  the  multiphase 
motor  perfectly  well,  but  it  is  a  valuable  adjunct  at  the  present 
moment. 

I  will  speak  of  a  few  other  possibilities  which  are  immedi- 
ately before  us  and  within  our  sight  at  the  present  moment, 
and  which  there  can  be  little  doubt  will  be  available  to  us  in  the 
course  of  the  next  few  years,  but  which  it  would  be  unwise  en- 
tirely to  depend  upon  at  the  present  moment.  Among  these  it 
will*be  said  that  I  am  very  careful,  perhaps,  if  I  include  those 
commutating  or  rectifying  machines  which  nave  been  given  the 
name  of  rotating  transformer ;  a  misleading  term,  because  it  im- 
plies that  the  machine  transforms  the  pressure  in  any  required 
pressure,  but  machines  which  commutate  or  rectify  the  alternat- 
ing current  into  the  continuous  current  bv  the  rotation  of  the 
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armature,  and  this  machine  was  first  largely  shown  to  the  world 
at  Frankfurt  in  1891,  and  chietiy  by  the  firm  of  Schuckert&Co., 
and  has  been  largely  introduced  in  America  for  experimental 
purposes,  at  any  rate,  and  to  show  how  thoroughly  convenient 
they  are,  and  there  are  several  specimens  of  them  at  the  World's 
Fair.  These  machines  involve  the  rotation  of  a  full  sized  armar 
ture  with  all  the  losses  involved  in  the  armature  of  a  dynamo 
machine,  and  consequently  they  add  to  the  general  losses  of  the 
system  a  loss  of  some,  let  us  say  10  or  15  per  cent.  Thi6  loss  is 
undesirable.  Remember  that  the  sole  function  of  these  machines 
is  to  commutate  or  rectify  the  current,  and  it  does  seem  to  me  as 
if  the  world  is  sufficiently  advanced  in  the  applications  of  elec- 
tricity to  be  able  to  devise  a  commutating  machine  which  shall 
simply  do  the  act  of  commutating  a  current  without  this  great 
loss  of  power.  A  great  many  attempts  have  been  made  in  this 
direction.  It  js  a  very  desirable  aim,  in  order  that  we  may  have 
machines  at  a  distance  from  our  generating  station  to  work  our 
street  railways,  which  at  present  are  worked  by  continuous  cur- 
rent, and  for  other  purposes.  If  we  carry  our  high  tension  alter- 
nating current  to  a  distance,  to  Buffalo,  to  Rochester,  to  Utica, 
Syracuse,  Albany,  to  transform  it  down  to  a  low  pressure  and 
then  commutate  it  by  a  simple  commutator  that  is  not  absorbing 
power  to  an  appreciable  extent,  we  have  a  valuable  adjunct  to 
our  machinery.  This  is  one  of  the  possibilities  which  is  almost 
certain  to  arrive  in  the  course  of  the  next  few  years,  and  which 
we  must  look  forward  to  and  not  leave  out  of  account. 

Mr.  Pollak  has  this  morning  shown  us  an  extremely  valuable 
and  simple  way  of  doing  this.  As  to  the  successful  operation  of 
it  in  practice,  many  of  us  have  still  to  learn  a  great  aeal,  and  I 
am  sure  that  each  one  of  us  who  is  interested  in  the  transmission 
of  power  to  a  distance  \^ill  take  advantage  of  the  offer  which  has 
been  made  to  us  to  inspect  his  machinery  at  the  World's  Fair. 
Other  attempts  have  been  made  in  the  same  direction  by  Hutin 
and  Le  Blanc  in  Paris,  and  Ferranti  in  London,  and  by  various 
other  inventors,  but  I  may  say  that  a  commutator  oi  a  simple 
kind,  not  losing  over  10  per  cent.,  is  a  thing  which  is  going  to 
come,  and  we  must  look  forward  to  it,  although  we  cannot  depend 
upon  the  possibilities  of  the  future  in  the  organization  oi  our 
schemes  of  the  present. 

Other  things  are  likewise  coming.  You  have  heard  of  the 
numerous  attempts  that  have  been  made  to  devise  single  phase 
alternating  current  motors  which  can  be  put  upon  our  lignting 
circuits.  These  have  hitherto  been  not  an  entire  success  so  far 
as  they  have  been  actually  put  upon  the  lighting  circuits.  We 
have  seen,  however,  latelvin  Switzerland* the  successful  construe- 
tion  of  such  a  motor  which  can  be  put  even  on  such  circuits  as 
are  ordinarily  used  for  lighting  purposes,  and  this  even  when  the 
frequency  of  alternations  amounts  to  135  periods  per  second,  as 
is  very  generally  used  in  this  country.     Such  motors  have  been 
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produced  which  work  efficiently  on  those  circuits,  but  there  are 
a  large  number  of  motors,  which,  although  not  quite  successful 
on  this  high  frequency,  at  some  lower  frequencies  are  very  effici- 
ent and  satisfactory.  I  need  not  mention  the  names  of  all  the 
inventors  who  have  been  at  work  in  this  direction,  for  they  are 
countless,  and  I  have  seen  myself  with  my  own  eyes  and  worked 
with  my  own  hands  machines  of  this  class  of  a  great  number  of 
different  types,  all  capable  of  doing  good  work  on  a  rather  lower 
frequency  tnan  what  has  been  used  with  the  lighting  circuits  in 
this  country. 

By  the  by,  there  is  also  a  type  of  machine  which  I  proposed 
for  adoption,  as  a  possibility  in  the  future,  with  alternating  cur- 
rents, in  the  year  1883,  and  that  is  the  direct  current  motor  with  a 
laminated  field,  and  that  also  has  a  certain  amount  of  possibility 
in  the  future ;  at  any  rate,  with  lower  frequency  than  what  we 
have  been  using.  There  are  some  difficulties  in  it§  use,  but  such 
men  as  Eickemeyer,  Professor  Anthony,  Tesla  and  various 
other  gentlemen  have  been  engaged  upon  work  in  this  direction 
and  it  nas  promise  for  the  future. 

Now,  another  of  these  things  which  are  promising  for  the  fu- 
ture is  the  question  of  arc  lighting.  At  the  present  moment  we 
could  use  alternate  currents  for  arc  lighting.  It  is  being  used 
for  that  purpose  in  Europe ;  it  is  being  very  largely  used  in 
some  places.  At  the  present  moment  in  this  country  it 
has  not  been  so  very  largely  used  for  the  arc  lighting,  and  most 
of  us  are  of  the  opinion  that  the  continuous  current  arc  lamp  is 
a  more  successful  thing  than  the  alternating  current  arc  lamp. 
In  the  first  stations  which  have  to  be  supplied  from  Niagara  Falls 
for  the  purposes  of  either  traction  or  arc  lighting,  there  are 
existing  companies  at  present  doing  that  work.  They  have  got 
steam  engines  driving  their  dynamos,  generating  currents  for 
these  street  railways  and  for  these  arc  lamps.  What  they  want 
us  to  do  first  is  to  throw  out  the  steam  engines,  put  in  motors  to 
drive  these  dynamos  which  they  have  there,  not  to  throw  away 
their  whole  plant;  therefore  these  at  present  come  under  the  con- 
sideration oi  the  power  stations  which  have  to  be  supplied.  But 
we  shall  have  to  deal  with  arc  light  systems,  and  if  we  can  get 
the  direct  current  easily  and  satisfactorily  from  the  alternating 
current,  it  is  a  very  desirable  thing  to  aim  at.  This,  gentlemen, 
is  one  of  the  possibilities  of  the  future. 

Mr.  Ferranti  has  been  working  during  the  last  year  in  develop- 
ing a  combination  of  a  transformer  and  a  simple  commutator 
which  shall  convert  the  alternating  current  into  the  continuous 
current,  whose  value  is  constant,  a  current  of  10  amperes  or  15 
amperes  or  whatever  we  may  fix  upon,  and  this  commutator  of 
his  is  not  one  of  those  commutating  engines  which  we  have  seen 
here,  but  it  is  simply  a  commutator  which  is  not  absorbing  power 
to  a  large  extent  in  an  armature  like  the  other  machines.  It  is  a 
simple  commutator  and  it  is  working  well,  and  I  have  the  great- 
est hopes  that  that  may  be  developed  in  the  near  future. 
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While  telling  you  what  we  are  doing  at  Niagara  Falls,  I  have 
only  felt  that  it  was  right  that  I  should  put  before  you  these  pos- 
sibilities of  the  future,  because  it  is  only  right  that  we  should 
consider  most  carefully  what  developments  are  likely  to  take 
place  in  the  next  few  years,  and  we  ought  to  provide  that  the  ma- 
chinery which  we  put  down  shall  never  be  obselete.  In  the  mean- 
time, tor  reasons  which  I  mentioned  to  you  yesterday,  we  saw  a 
decided  preference  among  the  different  systems  of  polyphase 
transmission  and  transformers  in  favor  of  a  system  in  which  the 
lines  are  not  inter-connected.  That  system  when  most  simply  pro- 
duced is  the  two  phase  system  with  two  independent  circuits,  one 
for  each  phase.  We  are  going  to  have  dynamos  made  in  two 
phases,  not  only  because  we  want  to  avail  ourselves  of  develop- 
ments in  this  line  of  working  that  manufacturers  can  offer  us,  but 
also  because  we  get  our  single  phase  circuits  cheaper  than  if  we 
built  the  machine  with  one  phase  instead  of  two  phases.  If  we 
use  only  single  phase  motors  we  get  a  larger  output  from  the 
same  generator  by  building  it  .of  two  phases  than  building  with 
one  phase.  This  was  appreciated  as  early  as  1879  by  a  man 
whose  name  we  all  honor  so  much  in  connection  with  develop- 
ment of  electrical  work,  M.  Gramme.  M.  Gramme's  first  alter- 
nating current  dynamos  were  in  two  phases,  eight  poles  and  two 
phases  with  a  revolving  field  and  fixed  armature. 

As  to  the  motors  which  we  shall  be  using,  we  shall  be  using 
synchronizing  motors  of  single  phase,  polyphase  motors,  and 
sometimes,  no  doubt,  converting  into  continuous  current  and 
using  continuous  current  for  street  railways. 

Tlie  paper  of  Mr.  Pollak  which  was  read  yesterday  and  which 
has  been  referred  to  involves  what  I  consider  the  most  important 
point  for  electrical  engineers  to  attend  to  that  can  be  thought  of 
at  the  present  moment,  the  commutating  or  rectifying  of  the 
alternating  current  to  give  us  a  continuous  current.  All  direct 
current  dynamos  except  the  unipolar  ones  are  the  combination  of 
an  alternator  and  a  commutator,  and  every  advocate  of  the  contin- 
uous current  that  there  ever  has  been,  and  there  are  bigoted 
advocates,  would  have  been  convinced  in  favor  of  the  alternating 
current  dynamo,  alternating  current  and  transmission,  if  you 
could  have  told  him  that  vou  would  put  a  commutator  at  the  far 
end  of  the  line  instead  of  at  the  place  where  you  generated  your 
current.  That  is  the  proper  place  to  put  a  commutator  if  you 
are  going  to  put  one  anywhere  at  all. 

There  were  a  good  many  special  features  in  connection  with 
the  Niagara  projects  which  rendered  special  features  in  the 
design  of  a  dynamo  desirable,  and  which  naturally  will  differen- 
tiate the  dynamo  which  is  to  be  used  there  from  those  which 
have  been  in  more  ordinary  practice,  but  I  venture  to  say  that 
there  will  be  no  serious  departure  in  the  dynamos  which  are  put 
down  from  the  ordinary  lines  which  we  have  found  to  be  per- 
fectly satisfactory  in  tne  past.     One  of  the  features  is  that  we 
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have  a  vertical  shaft  instead  of  a  horizontal  shaft.  As  you  are 
all  aware,  the  water  of  the  Niagara  river  is  taken  off  one  mile 
above  the  Falls  by  a  large  canal  which  has  been  built.  It  is  then 
taken  by  channels  into  the  wheel  pits  and  falls  through  iron  pen 
stocks  to  a  depth  of  140  feet  to  tie  turbines  below.  These  tur- 
bines have  been  designed  by  the  illustrious  firm  of  Faesch  & 
Picard  in  Geneva,  and  have  been  constructed  bv  the  I.  P.  Morris 
Co.,  in  Philadelphia,  and  will  be  delivered  very  shortly.  They 
revolve  at  250  revolutions  per  minute.  The  water,  after  passing 
through  the  turbines,  is  carried  down  through  the  great  tunnel 
which  has  been  built  and  which  is  an  engineering  work  to  be 
proud  of.  On  the  top  of  the  turbines  is  a  vertical  shaft  coming 
to  the  surface  of  the  ground,  and  that  shaft  rotating  at  250  revo- 
lutions a  minute  causes. the  large  dynamos  to  revolve  directly  on 
the  same  shaft  without  any  gearing  whatever  at  the  same  speed. 

It  has  been  proposed  in  many  cases  to  generate  the  current  at 
low  voltage  and  use  a  step  up  transformer  to  create  a  higher 
voltage.  There  are  two  objections,  to  this.  The  first  is  that  we 
have  the  cost  of  the  transformer.  The  second  is  that  we  have 
the  extra  losses  in  the  transformer.  If  it  is  possible  to  create 
the  whole  voltage  that  we  require  in  the  dynamo  instead  of  in  a 
transformer,  we  save  the  cost  of  a  transformer,  which  is  approxi- 
mately, roughly  speaking,  about  the  cost  of  the  dynamo,  and  we 
are  saving  some  three  per  cent,  of  efficiency.  Now,  three  per 
cent,  of  efficiency !  I  do  not  know  if  every  man  realizes  tnat 
until  he  begins  to  count  up  what  it  is.  It  means  150  horse 
power  in  each  of  our  units.  Our  units  are  5,000  horse  power. 
Three  per  cent,  of  efficiency  saved  would  be  150  horse  power. 
That  seems  so  much  more  earning  capacity  to  our  plant,  our  tun- 
nel, canal,  wheel  pits,  dynamos,  and  works  generally.  That 
means  so  much  more  rental  to  be  taken  in.  Suppose  you  put 
that  at  $20  per  h.  p.  per  annum,  and  150  horse  power*  that  is, 
$3,000  per  annum  is  saved  by  saving  that  little  three  per  cent. 
$3,000  per  annum  capitalized  at  five  per  cent,  would  be  $60,000. 
By  saving  that  three  per  cent,  you  save  more  than  the  whole 
generator  and  the  apparatus  in  the  station  connected  with  its 
work,  the  dynamo  ana  the  whole  thing.  When  we  reduce  these 
things  down  to  figures  we  see  what  value  a  high  efficiency  is  to 
us.  Now,  I  maintain  that  by  following  the  example  set  by 
Gramme,  of  having  the  armature  fixed,  it  may  be  a  little  extra 
expense  but  nothing  like  the  expense  of  putting  in  an  extra 
transformer.  Yon  can  build  that  dynamo  to  the  same  voltage 
that  you  are  going  to  use  with  a  transformer.  The  fixed  arma- 
ture becomes  a  thing  as  easy  to  handle  and  as  safe  to  handle  as 
the  transformer  itself,  and  you  can  introduce  your  very  high 
pressure  into  that  armature  with  the  same  safety  that  you  can 
introduce  it  into  the  transformer. 

Now,  I  will  not  say  more  about  the  general  arrangement.  I 
think  I  have  said  enough  for  the  present,  and  I  felt  that  it  was 
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only  right  to  say  this  much  before  so  distinguished  a  congress  at 
this  particular  stage  of  the  work.  I  will  say  one  or  two  words, 
if  the  Chairman  wfll  allow  me,  on  the  question  of  the  means  of 
transmission. 

It  has  been  an  anxious  consideration  as  to  whether  the  trans- 
mission ought  to  take  place  by  overhead  conductors  or  by  means 
of  a  subway  ;  also  the  question  of  laying  underground  cables  ha6 
teen  considered,  in  a  conduit.  I  distinguish,  gentlemen,  between 
a  subway  and  a  conduit  thus :  I  consider  that  a  conduit  is  a  place 
for  putting  cables  in.  I  consider  that  a  subway  is  a  place  for 
putting  in  conductors,  and  where  a  man  can  walk  along  and  in- 
spect them.  Obviously  the  most  complete  and  satisfactory  me- 
thod would  be  to  put  a  subway  wherever  you  want  to  carry  these 
high  tension  mains,  and  the  cheapest  way  is  obviously  to  put  a 
pole  line  all  the  distance,  and  the  intermediate  way  is  to  put  a 
conduit  of  cables  underground.  (Other  plans  may  of  course  be 
suggested.)  The  intermediate  way  is,  as  often  happens  when  we 
try  to  strike  a  mean  course,  disastrous.  One  of  the  greatest 
troubles  which  is  likely  to  come  to  this  work,  unless  it  is  watched 
against  with  the  greatest  care,  are  the  troubles  arising  from  the 
capacity  of  the  line.  It  was  said  of  the  high  tension  transmission 
at  10,000  volts  between  Deptford  and  London,  which  was  for  so 
long  a  time  an  experiment,  that  there  were  two  things  to  con- 
eider  in  connection  with  the  cables:  first,  their  capacity,  and 
secondly,  their  incapacity.  Their  latter  defect  has,  I  am  glad  to 
say,  according  to  the  latest  advices,  disappeared  entirely,  from 
knowledge  acquired  as  to  how  to  deal  with  the  first  defect.  Now 
that  the  capacity  of  these  cables  is  handled  in  a  proper  manner, 
in  a  scientific  way,  there  is  no  trouble.  But  capacity  is  always 
apt  to  lead  to  trouble  and  ought  to  be  avoided  in  this  case  in  the 
cables,  and  for  that  reason,  if  for  none  other,  it  is  undesirable  to 
have  insulated  cables  acting  in  this  manner ;  consequently  the 
work  will  be  done  either  by  overhead  conductors,  bare  wires,  or 
by  bare  wires  carried  in  a  subway.  Naturally,  the  cost  of  a  sub- 
way to  Buffalo  is  a  very  serious  thing.  The  first  place  which  we 
have  to  supply  with  power  is  the  Pittsburg  Reduction  Company 
in  the  manufacture  of  their  aluminium,  which  is  at  a  distance  of 
2,500  feet  from  the  power  house,  and  we  have  also  to  proceed 
almost  immediately  to  Buffalo.  Later  on  we  have  to  meet  the 
agreements  whicli  have  been  made  to  supply  places  situated 
along  the  Erie  Canal,  and  since  the  State  of  New  York  has  taken 
up  experiments  on  the  possibility  of  having  their  towage  on  the 
Erie  Canal  conducted  by  means  of  electricity,  we  have  to  consider 
the  question  of  transmitting  electricity  over  the  whole  of  that 
distance.  I  may  express  as  a  purely  personal  opinion,  that  the 
action  of  the  State  of  New  York  in  this  direction  is  an  action  of 
the  very  highest  importance ;  that  it  is  likely  to  revolutionize 
traflic  in  the  State  of  New  York ;  that  the  volume  of  transporta- 
tion over  the  Erie  Canal  will  be  such  as  to  benefit  manufacturers 
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in  all  parts  of  the  State,  and  more  especially  those  in  the  neigh- 
borhood of  Buffalo  and  the  Falls.  This  work  takes  us  ultimately 
to  a  distance  of  350  miles.  This  involves  high  electric  pressures 
and  it  involves  the  consideration  of  the  expense  of  laying  our 
line. 

I  have  lately  had  occasion  to  deal  with  a  similar  problem  in 
India.  The  India  Government  has  lately  been  irrigating  the 
eastern  side  of  the  Nilgharry  mountains  by  means  of  the  rivers 
on  the  western  side  of  these  hills,  and  driving  a  tunnel  through 
the  mountains  to  carry  water  to  irrigate  land.  They  found  that 
when  the  water  was  carried  through  the  tunnel  it  was  at  an  ele- 
vation of  1,200  feet,  within  a  mile  and  a  half,  above  the  place 
where  they  wanted  to  begin  to  use  that  water  for  irrigating  pur- 
poses, and  they  had  sufficient  water  to  develop  50,000  horse" pow- 
er. They  have  been  considering  the  question  of  generating  elec- 
tricity and  I  have  had  to  look  into  the  electrical  question  for 
them.  In  that  case  the  greatest  development  of  electrical  pow- 
er and  lighting  would  be  at  the  town  of  Madras,  which  is  350 
miles  from  this  place,  but  still,  according  to  the  best  information 
that  we  are  able  to  collect  on  what  has  been  done  at  high  volt- 
age, it  seems  almost  certain  that  this  power  can  be  carried  that 
distance  and  delivered  at  Madras  as  one  of  the  cheapest  forms  of 
power  in  the  world,  because  all  the  hydraulic  works  are  already 
created  and  their  sluice  gates  and  everything  prepared,  and  they 
are  simply  putting  in  the  transmission  plant. 

The  transmission  from  Niagara  Falls  to  Albany  is  almost  iden- 
tical with  this.  The  distance  is  the  same,  and  when  we  come  to 
supply  this  canal  we  shall  have  to  consider  the  question  whether 
overhead  poles  are  possible.  In  the  mean  time  it  will  be  desir- 
able to  have  some  experiments  made  upon  overhead  construction, 
but  in  this  climate  there  are  very  great  difficulties.  The  two 
most  serious  difficulties  that  have  to  be  contended  with  in  con- 
nection with  transmission  for  an  overhead  line  are  first,  those  due 
to  lightning,  and  second,  those  due  to  sleet.  The  sleet  trouble  is 
a  very  serious  one,  especially  in  the  northern  climate.  Broadly 
speaking,  the  conclusion  which  it  seems  we  must  arrive  at  is,  that 
a  transmission  by  overhead  conductors  must,  in  the  nature  of 
things  in  that  climate  be  liable  to  occasional  interruptions,  a*id 
that  the  electrical  subway  is  almost  certain  to  be  carried  out  with- 
out interruptions,  giving  a  continuous  service.  This  makes  one 
naturally  favor  the  subway  system.  But  experiments  will  be  car- 
ried out  with  the  polyphase  system  undoubtedly,  and  I  have  to 
conclude  by  making  one  statement  which  I  think  ought  to  be  a 
matter  of  congratulation  to  all  of  us  who  are  interested  in  seeing 
such  a  scheme  successful,  and  that  is  that  a  subway,  at  any  rate 
part  of  the  way,  has  been  begun.  Last  Friday  the  first  sod  was 
turned  for  a  subway  which  is  going  to  carry  the  conductors  from 
the  power  station  at  least  so  far  as  the  Pittsburg  Reduction  works, 
which  is  half  a  mile  distant  from  the  powerhouse. 
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The  Chairman  then  called  on  Prof.  H.  A.  Rowland  of  Balti- 
more to  continue  the  discussion. 

PfcoF.  Rowland  : — Mr.  Chairman  and  gentlemen  :  My  first 
appearance  in  this  Congress  was  in  the  section  of  Pure  Science, 
and  we  had  arranged  the  papers,  we  thought,  so  that  the  questions 
of  pure  science  came  in  tnat  section.  Well,  I  have  wandered 
along  until  I  got  to  the  section  of  Pure  Practice,  and  I  stepped 
in,  and  instead  of  finding  practice,  discussed,  I  find  a  paper  which 
ought  to  have  been  in  the  section  of  Pure  Science,  because,  as 
far  as  I  can  see,  the  whole  subject  is  one  of  pure  theory  as  to  the 
transmission  of  power.  During  the  time  I  have  been  here  I 
have  only  heard  pure  theory  discussed.  I  have  not  been  here  du- 
ring the  whole  01  this  discussion,  and  can  therefore  only  make  a 
very  few  remarks. 

In  the  first  place,  with  regard  to  whether  the  dynamo  should 
be  arranged  for  small  potential  or  large.  Suppose  you  wish  to 
get  20,000  or  30,000  volts,  or  even  10,000,  is  it  the  better  to  use 
a  transformer  or  to  have  dynamos  giving  the  20,000  volts  ?  We 
have  just  heard  a  calculation  on  this  subject  which  intimated  that 
the  use  of  a  transformer  for  a  5,000  horse  power  dynamo  would 
be  equivalent  to  losing  the  interest  on  a  capital  of  $60,000. 
Well,  what  is  that  based  upon  ?  Practically,  that  it  is  150  horse 
power  that  you  lose,  but  where  does  that  150  horse  power  come 
from  ?  It  comes  from  a  turbine,  from  water.  Water  is  plenti- 
ful at  Niagara  Falls,  and  if  they  turn  on  a  little  more  of  it  they 
would  not  lose  an  amount  of  $3,00 )  a  year.  I  certainly  would 
dispute  that  statement.  The  only  case  in  which  the  150  horse 
power  would  come  in,  would  be  when  you  were  using  the  tur- 
bine up  to  its  maximum  efficiency.  How  often  would  this 
happen  ?  All  electricians  know,  even  I  know,  the  pure  theorist, 
that  only  once  in  a  day,  once  or  twice  in  a  day  do  we  use  the 
turbine  up  to  its  full  power,  and  as  to  getting  an  extra  $3,000 
out  of  this  150  horse  power,  why,  I  woula  very  much  dispute  it. 
In  regard  to  high  voltage  dynamos  I  may  say  that  I  have  seen 
the  sparks  go  tlirough  a  thick  cap  of  rubber  over  the  magnets. 
I  think  the  potential  was  only  5,000  volts,  although  it  may  have 
been  10,000,  and  as  to  building  a  dynamo  above  5,01)0  horse 
power,  I  think  all  who  have  knowledge  of  the  matter  would 
agree  that  there  is  a  great  difficulty  in  it. 

Now,  as  to  the  transformer,  that  is  quite  a  different  affair. 
How  do  we  make  a  transformer  to  stand  the  10,000  volts  i  Why, 
we  do  not  insulate  the  wire  for  10,000  volts.  We  build  it  up  so 
that  the  first  section  shall  give  1,000,  the  second  section,  1,000, 
and  so  on  until  we  get  10,000  or  30,00o  volts,  so  it  is  a  perfectly 
easy  matter  to  build  the  transformer  for  100,000  volts  in  this 
way  and  only  insulate  it  at  any  one  point  for  1,000  volts.  But 
that  is  quite  a  different  affair  when  you  come  to  treat  of  a 
dynamo.  What  is  the  one  fact  on  which  the  value  of  a  dynamo 
depends?     Why,   it  is   the    amount   of    copper    that  you   get 
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in  the  slot.  If  you  have  slots  in  the  armature  it  is  the  amount 
of  copper  you  can  get  in  them  compared  with  the  size  of  them. 
As  you  go  up  in  potential  this  amount  becomes  leas  and  less  on 
account  of  tne  amount  of  insulation  required.  If  you  have  a 
very  high  potential  dynamo  the  quantity  decreases  until  it  is  only 
very  small  indeed.  It  might  be  for  low  potentials  50  per  cent, 
or  even  a  little  higher,  but  for  very  high  potentials  it  becomes 
less  and  less  until  the  dynamo  is  worthless.  Therefore,  for  these 
reasons  I  think  that  it  is  the  common  practice  to  build  dynamos 
for  very  small  voltage  if  possible.  As  far  as  I  have  talked  with 
practical  men  on  this  subject  it  seems  to  me  they  all  agree  upon 
this  point,  and  I  therefore  think  that  instead  of  $3,0u0  a  year 
being  saved  by  the  use  of  the  dynamo  without  transformers,  that 
you  would  lose  much  more  than  that  in  burning  out,  repairing, 
and  everything  of  that  sort. 

I  have  not  heard  anything  said  about  the  period  of  the  cuiv 
rent — the  frequency.  Now,  of  course  in  power  transmission 
that  is  the  most  important  thing ;  that  is  a  fundamental  point  to 
be  decided  first,  wnat  shall  be  the  frequency  ? — in  alternating 
circuits,  of  course.  Now,  what  is  the  effect  of  frequency  i  We 
all  know  when  we  have  a  high  frequency  what  happens.  You 
ret  into  all  sorts  of  difficulties  which  you  obviate  by  making  it 
ess  and  les6.  Now,  is  there  any  lower  limit,  for  the  higner 
limit  is  perhaps  less  desirable.  A  lower  limit,  I  believe,  has 
never  been  studied.  The  lower  down  you  go,  the  only  effect 
that  most  persons  observe  is  that  the  transformers  have  to  be 
made  larger.  That  seems  to  be  the  only  effect  which  is  mentioned, 
although  it  is  known  very  well  that  a  frequency  of  40  or  50  will 
blot  out  the  arc  lights.  A  frequency  of  30  makes  incandescent 
lighting  barely  possible.  When  you  get  down  below  that  we 
could  have  nothing  but  power  transmission  alone.  Now,  shall 
we  keep  on  down  to  four  or  live,  and  finally  down  to  one  per 
second,  and  then  we  pass  into  continuous  current.  Where  shall 
we  stop  2  Now,  of  course  if  we  do  not  stop  at  the  30  or  40 
which  would  allow  a  little  lighting  to  be  done,  then  the  only 
thing  to  be  considered  is  the  power  transmission.  Now,  what 
would  be  the  effect  of  building  a  motor  or  dynamo  for  four  per 
second  ?  Well,  in  the  first  place  the  effect  ot  lower  frequency  is 
a  diminished  number  of  stoppages  to  the  magnets  in  the  dynamo. 
That  is  very  well,  of  course,  and  finally  we  get  down  to* such  a 
small  number  that  we  cannot  reduce  it  any  more,  and  then  we 
have  to  slow  up  the  machine,  so  of  course  that  is  one  of  the  limits, 
when  we  have  to  run  the  dvnamo  with  such  a  small  speed  that 
its  output  is  less  than  we  wish,  and  then  we  have  to  increase  the 
speed.  But  suppose  that  that  condition  does  not  apply.  Suppose 
tne  dynamos  are  already  going  very  slow,  so  that  we  can  get  a 
frequency  of  four  or  five  per  second.  How  does  the  dynamo  run 
under  those  circumstances  \  If  it  is  a  two-phased  machine,  it  runs 
pretty  well  with  the  same  amount  of  power  taken  off  of  the  two 
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circuits,  because  they  balance  each  other  pretty  well  and  make 
the  motion  of  the  dynamo  pretty  even ;  but  if  you  should  use  one 
of  the  circuits  more  than  the  other,  or  throw  out  one  entirely  so 
as  to  have  a  single  phase  dynamo,  then  you  will,  of  course,  get  a 
tremor.  If  the  frequency  was  four  a  second,  there  would  be  a 
tremor  of  16  times  a  second,  and  this  is  so  great  under  some  cir- 
cumstances that  it  may  produce  a  very  great  vibration  of  the 
machine.  Now,  of  course  this  applies  to  the  motor  as  well  as  to 
the  dynamo.  The  motors  will  have  this  vibration  also,  and  the 
laws  of  it  are  easily  obtained.  As  I  remember  it,  the  frequency 
is  inverselv  as  the  square  of  the  tremor,  so  that  for  a  period  of  four 
and  of  eiglit  the  vibration  would  be  in  one  case  four  times  the  other; 
that  is,  the  square,  I  think,  of  the  ratio,  so  that  you  do  not  observe 
this  at  all  when  you  get  up  to  30  or  40  per  second,  the  dynamo 
is  apparently  perfectly  smooth  in  its  action,  as  well  as  the  motor. 
Synchronizing  motors  of  single  phase  cannot  be  used  at  very  low 
frequency  without  this  trouble. 

Then  take  the  case  of  the  transformer  with  low  frequency. 
They  will  have  to  be  increased  in  size,  of  course.  I  think  the 
ratio  in  size  is  something  like  inversely  as  the  frequency,  so  that 
with  10  periods  per  second  they  would  be  five  times  as  large  as 
with  50  per  second.  That  is  true,  provided  you  keep  the  mag- 
netization constant,  but  as  the  number  of  alternations  become 
smaller,  you  can  increase  the  magnetization  in  the  transformer, 
but  how  much  can  you  increase  it  \  Well,  as  you  decrease  the 
frequency  and  increase  the  magnetization,  the  current  curves 
and  the  curves  of  electromotive  force  become  distorted,  as 
to  how  much  they  become  distorted  depends  upon  the 
resistances  in  the  circuit,  and  all  that,  and  you  cannot  tell  ex- 
cept in  each  special  case,  and  that  you  can  calculate,  or  better 
still,  you  can  experiment  upon  it  and  find  out  how  much  you  can 
raise  the  magnetization,  but  there  is  a  limit  of  some  kind,  so  that 
the  transformers  certainly  have  to  be  made  considerably  larger 
at  low  frequencies  than  at  high.  Therefore,  there  is  a  lower 
limit  of  the  frequency  which  you  can  use.  As  to  what  this  is,  I 
will  not  express  any  opinion,  except  to  say  that  if  you  wish  to 
have  motors  running  at  1,000  turns  per  minute,  I  think  the  num- 
ber of  periods  must  be  about  20  or  more.  As  you  go  down,  the 
effect  is  also  to  make  the  motors  run  more  slowly,  and  therefore 
the  output  of  the  motors  will  be  less  than  before,  and  you  have 
to  fix  upon  the  velocity  with  which  your  motors  will  go,  and 
then  the  frequency  is  determined  by  that.  Therefore  you  have 
a  lower  limit  to  the  frequency  as  well  as  a  higher  one,  and  the 
question  would  be,  of  course,  in  any  practical  case,  where  one 
should  draw  the  line.  I  have  a  paper  in  the  other  section  on 
the  harmonics  in  the  circuit,  which  also  mil  have  some  bearing 
upon  this  subject,  but  I  will  not  bring  that  paper  before  you 
now,  but  stop  with  these  very  few  remarks. 

The  Chajrman  : — I  will  now  call  upon  Prof.  D.  C.  Jackson, 
of  the  University  of  Wisconsin,  to  continue  the  discussion. 
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Prof.  Jackson  : — Gentlemen  :  In  the  discussion  at  the  meeting 
yesterday,  we  seemed  to  have  stuck  very  closely  to  the  question 
of  transmission  of  power  over  comparatively  short  distances. 
This  morning  we  have  gone  on  to  what  may  be  called  really 
long  distance  transmission  of  power.  The  transmission  of  power 
over  comparatively  6hort  distances  we  are  all  acquainted  with. 
We  have  been  referred  to  plants  in  Switzerland,  Italy,  France, 
Germany,  and  other  European  countries.  If  we  6tudy  these 
plants,  we  cannot  but  be  struck  by  the  solidity  of  the  con- 
struction and  design,  and  the  successful  operation  with  which 
their  projectors  have  enabled  them  to  do  their  work. 
However,  with  all  due  deference  to  the  designers  of  Europe, 
especially  M.  Thury,  who  is  with  us  or  was  with  us  yester- 
day, I  would  say  that  plants  in  which  the  transmission  of  equal 
or  even  greater  powers  to  equal  distances  and  possibly  greater 
distances  than  those  found  in  most  of  the  plants  referred  to  yes- 
terday, can  be  found  even  in  our  American  cities.  Taking  Chi- 
cago alone  for  an  iustance,  there  are  motors  on  circuits  in  Chicago 
up  to  over  100  horse  power  in  capacity  each.  The  largest  motor 
in  Chicago  has  a  capacity  of  more  than  100  horse  i-ower,  and 
while  these  motors  are  all  within  the  city  limits,  I  can  assure  you 
that  it  is  some  distance  from  the  station  to  the  motors.  I  do  not, 
however,  consider  that  this  is  really  long  distance  transmission. 
The  transmission  of  power  can  be  divided  roughly,  (and  you 
must  remember  when  we  make  divisions  we  make  them  merelv 
as  rough  guides  to  our  minds,  because  all  divisions  overlap)  into 
three  divisions;  first;  the  distribution  directly  from  a  central  sta- 
tion ;  second,  the  transmission  of  power  from  a  station  to  motors 
in  a  single  shop ;  and  third,  the  long  distance  transmission  of 
power  with  distribution  from  the  other  end  of  the  transmission 
and  the  plan  that  is  apparently  bound  to  come  into  prominence 
all  over  the  world  I  may  say  will  be  the  transmission  and  distri- 
bution plant.  In  connection  with  that  plan  a  third  one  will  be 
the  direct  distribution  also,  as  it  was  so  ably  set  forth  by  Profes- 
sor Forbes  in  connection  with  the  transmission  and  distribution 
plan ;  also  the  distribution  directly  from  the  station  and  the  car- 
rying on  of  the  distribution  from  transmission  stations  at  the  var- 
ious radii.  The  discussion  of  this  latter  plan  is  quite  theoretical. 
We  have  been  referred  to  the  plant  at  Rome  where  the 
alternating  current  is  used.  We  can  refer  to  plants  in  this  country* 
two  or  three  of  them,  possibly,  in  which  the  distance  of  trans- 
mission varies  from  10  miles  up  to  30  miles,  aud  these  plants 
have  all  been  successful.  They  have  been  successful  as  transmis- 
sion plants  and  fairly  successful  as  distribution  plants.  But,  gen- 
tlemen, in  a  matter  of  this  kind  we  cannot  take  our  ideas  from 
one  or  two  small  plants.  Either  we  must  have  before  us  one 
great  plant  or  else  a  great  many  smaller  ones,  and  until  the  lar- 
ger plant  is  actually  in  operation,  or  many  small  transmission  and 
distribution  plants  are  actually  in  operation,  I  fear  that  we  will 
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simply  theorize  and  theorize,  and  we  will  not  be  able  to  get  down 
to  pure  practice.  I  trust  with  the  help  of  the  consulting  en- 
gineers that  we  have  here  and  manufacturers,  that  in  the  next 
two  or  three  years  we  will  be  able  to  know  where  we  stand  in 
transmission  and  distribution  of  power,  but  at  the  present  time, 
while  our  practice  is  fairly  outlined  in  simple  distribution,  in 
simple  transmission,  it  certainly  is  not  outlined,  nor  do  I  believe 
it  can  be  outlined  for  two  or  three  years  more,  until  we  have 
more  experiences  in  long  distance  transmission  and  distribution 
of  power.  That  is  all  I  will  say  this  morning,  on  account  of  the 
inflexible  live  minute  rule. 

The  Chairman  : — Dr.  Louis  Bell  has  some  remarks  to  make,  a 
few  remarks  in  addition  to  what  he  said  yesterday,  and  will  now 
continue  the  discussion. 

Dr.  Bell: — Mr.  Chairman  and  Gentlemen:  The  discussion 
this  morning  has  taken  a  turn  that  is  very  interesting  to  me,  in 
raising  questions  which  reach  much  further  than  the  discussion 
of  yesterday  would  have  suggested,  particularly  of  the  questions 
of  high  voltages  and  long  distance  transmission.  The  first  thing, 
however,  which  I  would  like  to  mention  is  apropos  of  the  discus- 
sion of  yesterday,  where  some  experimental  data  bearing  on  the 
theories  advanced  mav  not  be  unwelcome.  In  the  first  place, 
Dr.  Duncan  very  pertinently  raised  the  question  of  the  effect  of 
the  wave  shape  on  the  operation  of  two  field  motors,  whether 
single  or  polyphase,  stating  that  very  great  and  very  •  unpleasant 
effects  could  be  produced  in  case  the  wave  given  by  the  machine 
were  not  a  sine  wave.  •  I  can  experimentally  assure  Dr.  Duncan 
that  such  is  not  the  case,  but  only  under  rather  extreme  condi- 
tions. Careful  experiments  made  with  the  same  motor  driven 
from  two  generator^,  one  of  them  specially  arranged  to  give  the 
wide  variations  from  the  sine  wave,  showed  that  the  sine  wave 
current  gave  a  higher  efficiency  for  the  motor  of  perhaps  two 
per  cent ,  a  perceptible  amount  and  yet  a  small  one,  so  that  I  am 
inclined  to  think  that  in  practice  the  effect  on  the  efficiency  alone 
is  not  likely  to  be  very  great  with  any  machines  that  we  are 
likely  to  have  designed  for  long  distance  work. 

The  question  was  raised  yesterday  with  some  pertinence  as  to 
the  regulation  of  the  inter-connected  circuit  polyphase  system. 
In  this  respect  I  can  only  appeal  to  experimental  data  as  against 
any  cases  which  could  be  figured  out  under  spesial  conditions. 
As  an  experimental  fact  it  is  quite  easy  to  regulate  a  tri-phase 
inter-dependent  circuit  system  so  as  to  fulfill  easily  all  the  re- 
quirements of  commercial  distribution.  It  is  possible  by  arrang- 
ing any  system  badly  to  get  bad  results,  and  there  may  be  ar- 
rangements of  transformers  and  arrangements  of  systems  that 
will  give  bad  results,  but  with  a  properly  designed  tri-phase  sys- 
tem the  regulation  is  well  within  commercial  limits ;  and  varia- 
tions such  as  have  been  mentioned  by  Professor  Forbes,  although 
they  do  exist,  are  of  a  magnitude  that  is  not  of  the  slightest  con- 
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sequence  in  a  practical  case,  because  we  never  expected  three- 
quarters  of  the  load  to  be  on  a  single  circuit,  n<»r  would  it  ever 
be  in  any  of  the  large  problems  with  which  we  have  to  deal. 
Regulation  under  these  circumstances  is  far  better  than  the 
regulation  of  a  three  wire  system  with  direct  currents,  under 
even  a  very  much  smaller  variation  of  load  between  the  two 
sides.  In  fact,  these  objections  of  regulation  urged  against  the 
inter-connected  polyphase  systems  are  precisely  the  same  objec- 
tions which  were  raised  in  the  early  days  of  the  three  wire  direct 
current  system,  and  they  have  even  less  practical  importance.  It 
was  said  that  the  three  wire  sytem  could  not  be  regulated  well ; 
that  it  would  not  test  well;  that  we  were  going  to  meet  all  kinds 
of  difficulties  in  its  use,  and  vet  of  the  continuous  current  central 
station  lighting  I  should  say  that  not  less  than  85  per  cent,  is 
done  by  this  badly  regulated,  difficult-lo-manage  system,  and  I 
think  we  are  going  to  have  the  same  experience  with  the  alleged 
difficulties  of  inter-connected  polyphase  systems,  whether  two, 
three  or  more  phases,  it  makes  little  difference  in  that  respect. 

Another  interesting  question  with  reference  to  these  problems 
of  distribution  comes  in  the  use  of  the  rotary  transformer. 
While  like  Prof.  Forbes  I  would  like  very  mucn  to  see  a  com- 
mutator converting  alternating  into  direct  currents,  I  am  not  quite 
as  hopeful  as  he  is  about  it.  1  do  not  doubt  that  it  could  be 
done  for  small  currents  for  arc  machines  for  example,  just  as  we 
can  build  enormously  high  voltage  direct  current  machines  for 
small  currents.  When  it  comes  to  handling  1,000  kilowatts,  I 
think  that  we  will  all  be  grayer  and  balder  than  we  are  now  be- 
fore we  6ee  it  done  by  direct  commutation.  I  do  not  think  it  is 
impossible,  but  the  difficulties  are  pretty  serious,  whereas  with 
the  rotary  transformer  we  have  to-day  a  very  efficient  and 
effective  means  of  securing  direct  currents  from  alternating,  or 
still  more  easily  from  polyphase  circuits.  The  rotary  transformer 
such  as  we  have  had  described  is  a  machine  which  instead  of 
having  85  to  90  per  cent,  of  efficiency  has  from  \*0  to  95  or  96 
per  cent,  of  efficiency,  owing  to  the  connections  in  the  armature, 
which  were  well  explained  by  Dr.  Duncan  yesterday.  It  will  be 
seen  readily  that  the  efficiency  of  the  machine  should  be  at  least 
as  high  as  the  same  one  would  give  as  an  ordinary  direct  current 
generator,  so  that,  although  I  earnestly  hope  we  may  have  the 
commutator  transformer,  I  think  we  will  be  very  foolish  to  forget 
that  we  have  now  a  thoroughly  reliable  and  very  simple  piece  of 
apparatus  which  will  dothe  work  and  do  it  promptly,  if  nec- 
essary. 

One  of  the  most  interesting  questions  which  can  well  be  raised 
is  that  one  which  Professor  Forbes  and  Professor  Rowland  have 
been  discussing  this  morning,  that  of  step  up  and  step  down 
transformers  versus  machines  giving  the  potential  directly.  We 
know  what  the  step  up  transformer  will  do.  We  do  not  know 
yet  what  the  30,000  volt  dynamo  will  do.     Personally  I  am   in- 
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clined  to  believe  that  if  the  machine  is  large  enough  30,000  volta 
can  be  gotten  from  a  stationary  armature  with  a  fair  degree  of 
success,  but  as  the  units  get  smaller  the  difficulties  increase  enor- 
mously and  the  ratio  of  copper  to  slot  section  in  the  armature 
gets  worse  and  worse.  For  example,  with  a  very  large  machine 
you  might  have  the  insulation  of  sufficient  thickness  to  stand  the 
voltage,  which  was  very  thick  and  yet  occupied  only  a  compara- 
tively small  portion  of  the  entire  amount  of  the  space.  As  the 
machine  gets  smaller  it  gets  harder  and  harder  to  build  it  for  the 
high  voltage,  simply  because  the  same  amount  of  insulation  is 
necessary  for  the  given  voltage,  whether  the  output  of  the  ma- 
chine is  100  or  1,000  kilowatts  or  more.  For  extremely  large 
machines  I  think  that  the  high  voltage  can  be  met  successfully,, 
but  for  small  machines,  although  it  can  still  be  done,  it  is,  as 
Professor  Forbes  has  very  well  said,  at  the  expense  of  output. 

Following  the  same  course  of  reasoning,  the  difference  between 
large  and  small  machines  as  a  commercial  matter  applies  also  to 
the  periodicity;  The  bigger  the  machine  the  lower  the  periodicity 
which  you  can  economically  get  out  of  it — a  point  which  could 
readily  be  verified  by  any  one  who  cares  to  test  the  machine.  Of 
course  there  will  be  a  lower  limit  that  you  cannot  reach,  but  what 
I  mean  to  say  is  that  it  is  vastly  easier  to  build  a  machine  of 
1,000  kilowatts  for  50  periods  than  it  is  for  125  or  130. 

Now,  finally,  1  want  to  take  up  the  question  of  the  line,  par- 
ticularly with  reference  to  very  long  transmissions  such  as  have 
been  mentioned  by  Professor  Forbes.  Incidently  I  may  remark 
that  I  am  sorry  to  say  that  the  position  taken  by  the  State  of 
New  York  with  reference  to  those  Erie  Canal  experiments  is  not 
as  hopeful  as  it  was  suggested.  Instead  of  undertaking  exper- 
iments for  the  benefit  of  the  Commonwealth  they  have  righteous- 
ly granted  permission  to  the  various  electrical  companies  to  carry 
on  experiments  on  the  Erie  Canal,  provided  that  tney  do  not  dis- 
turb the  surface,  at  their  own  expense.  The  State  is  unwilling 
even  to  furnish  the  canal  boats,  so  that  I  think  the  probability 
of  the  immediate  utilization  of  electric  power  on  the  Erie  Canal 
is  not  so  near  as  it  might  be.  But  with  reference  to  the  very 
long  lines,  I  want  to  call  attention  to  two  important  factors  in 
success.  In  the  first  place,  the  inductance  of  tne  lines  which  was 
brought  to  our  notice  by  Professor  Silvanus  P.  Thompson  yesterday, 
and  in  the  second  place  the  frequency.  As  regards  the  induc- 
tance of  the  line,  it  is  a  fact  perhaps  not  generally  known,  but 
nevertheless  a  fact,  that  the  tri-phase  or  the  polyphase  inter-con- 
nected systems  for  the  same  energy  transmitted  at  the  same  vol- 
tage give  a  lower  inductance  total  on  the  line,  as,  indeed,  might 
be  expected  from  the  saving  of  copper.  With  the  tri- 
phase  inter-connected  system,  the  inductance  is  a  little  less  than 
X  of  what  it  is  on  a  single,  phase  or  independent  circuit,  multi- 
pnase  system.  This  has  been  verified  by  a  number  of  investiga- 
tors, and  as  a  practical  result  it  would  appear  that  although  indue- 
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ance  is  likely  to  cut  a  serious  figure,  we  will  get  a  great  deal  of 
relief  by  using  dependent  circuits.  Fifty-seven  per  cent,  is  the 
exact  ratio  of  the  inductance  on  such  a  circuit  compared  with  a 
single  phase  circuit  carrying  the  same  energy  at  the  same  voltage, 
so  that  in  addition  to  saving  copper  we  also  save  in  inductance. 

As  regards  the  frequency,  in  order  to  keep  down  the  induc- 
tance of  the  line  under  ordinary  circumstances  it  is  necessary  to 
drop  the  frequency  as  the  distance  increases,  and  as  Professor 
Rowland  has  well  said,  there  is  both  an  upper  and  a  lower  limit 
to  the  frequency.  The  upper  limit  would  be  less  than  the  fre- 
quency that  is  now  ordinarily  used  in  electric  lighting,  125  or  130 
cycles,  which  would  not  be  a  good  frequency  to  use  over  a  trans- 
mission line  for  the  reason  of  induction  alone,  even  providing 
that  the  motors  would  do  equally  good  work,  which  they  will  not. 
The  lower  limit  is  practically  stated  in  the  ordinary  distribution 
plant  by  the  necessities  of  incandescent  lighting.  Below  30  per- 
iods in  fact,  below  perhaps  33  or  35  periods,  to  give  a  little  mar- 
gin of  safety,  incandescent  lamps  do  not  work  well ;  they  flicker 
and  even  before  they  begin  to  nicker  perceptibly  they  produce  an 
effect  on  the  eye  that  is  very  disagreeable.  In  the  same  way  the 
arc  lamps,  even  with  the  best  soft  cored  carbons  at  40  or  50  cy- 
cles work  quite  well,  the  working  being  bettered  by  the  use  of  a 
reflector  to  get  all  the  light  together.  At  60  cycles  even  they 
give  trouble  with  American  hard  carbons,  so  1  think  our  practi- 
cal lower  limit  of  frequency  is  about  30  to  35  cycles.  Anything 
below  that  should  be  employed  for  motors  only,  and  I  should 
consider  it  rather  bad  engineering  to  employ  it  even  under  those 
circumstances,  inasmuch  as  it  means  making  a  special  plant,  and 
you  can  get  excellent  results  at  30  to  35  cycles. 

We  must  recognize  however  that  there  will  be  a  distance  at 
which  we  must  lower  the  frequency  below  33  cycles.  That  point 
will  not  be  reached  in  more  than  two  per  cent.,  I  should  say,  of 
the  transmissions  that  we  are  likely  to  undertake  in  the  next  ten 
years,  but  when  it  does  come  we  must  be  prepared  to  meet  it 
squarely  and  lower  our  cycles  or  use  direct  currents.  We  can 
lower  the  cycles,  and  then  when  we  reconvert,  reconvert  either  to 
direct  current  or  high  cycles,  and  this  process  will  probably  have  to 
be  used  at  very  long:  distances,  such  distances,  for  examples,  as 
that  from  Niagara  Falls  to  Albany. 

As  regards  the  keeping  up  of  the  line.  I  think  it  is  a  most  serious 
problem  that  confronts  the  engineer  in  undertaking  power  trans- 
mission. In  going  out  to  California  over  the  Santj,  Fe  Railway 
last  spring,  I  noticed  that  every  bridge  target  from  Kansas  City 
to  San  Bernardino  was  perforated  with  from  one  to  25  bullet 
holes.  The  protection  of  -a  long  line  especially  from  malicious 
injury  is  a  serious  matter,  and  the  worst  of  it  is,  that  the 
underground  conduit,  in  nine  cases  out  of  ten,  from  a  commer- 
cial point  of  view  is  absolutely  prohibitive ;  It  would  not  pay. 
If  we  confine  ourselves  to  underground  conduits,  then  we  will 


DISCUSSION.  4G8 

never  get  any  transmission  work  done  in  this  country,  at  least ; 
except  in  isolated  cases,  because  the  cost  is  enormous.    For  most 
of  the  overhead  wort  we  must  employ  bare  wires,  for  insulating 
covering  at  20f000  or  30,000  volts  gives  simply  a  false  security. 
No  insulation  that  is  practicable  to  put  upon  wires  will  stand  that 
voltage,  and  still  remain  intact  through  any  period  of  time.    The 
striking  distance  of  a  20,000  volt  current  is  something  prodigious. 
We  will  have  to  put  up  the  bare  wires  with  the  best  danger  si 
nals  that  can  be  devised,  even  the  skull  and  cross  bones,  if  nec- 
cessary,  as  they  have  on  the  Frankfurt  line.     The  sooner  we  rec- 
ognize that  fact  and  face  it,  the  easier  it  will  be  to  accomplish 
power  transmission.     The  conduit  is  all  right  in  theory;  it  will 
secure  practical  uninterrupted  operation  ot  the  lines,  but  as  a 
commercial  matter  it  is,  in  nearly  every  case  that  comes  before 
us,  prohibited.     By  conduit  I  mean  a  subway  large  enough  for  a 
man  to  go  through  and  in3pect,  and  any  less  means  Of  putting 
the  wires  underground  is  objectionable,  as  Professor  Forbes  has 
well  stated. 

As  regards  distances  which  we  are  prepared  to  tackle  to-day,  I 
do  not  think  any  one  of  ns  would  care  to  state  a  higher  limit. 
Among  the  cases  that  practically  come  up  are  many  more  below 
20  miles  than  above  it,  and  rarely  any  above  50  miles.  We  have 
enough  to  keep  us  amply  busy  for  the  next  decade  in  developing 
the  powers  which  lie  within  25  to  50  miles  of  the  points  at  wnich 
it  is  desired  to  utilize  them.  Over  such  distances  even  to-day  I 
do  not  think  we  need  have  any  apprehensions  whatever  of  success. 
For  greater  distances  the  problem  •  resolves  itself  more  into  a 
commercial  one  than  an  electrical  one.  Given  the  price  of  coal 
high  enough,  and  you  could  afford  to  take  the  power  almost  any 
distance,  and  if  you  are  taking  it  any  very  great  distance,  it  can 
he  done  with  a  tolerable  degree  of  economy.  Put  enough  money 
into  the  insulation,  and  success  is  not  hard  to  attain.  Save  on 
the  insulation,  try  to  get  along  on  as  little  as  you  can  when  you 
are  trying  to  use  50,000  volts  over  500  miles,  and  there  will  be 
trouble  at  once.  The  very  long  power  installations  are  sure  to 
come,  I  think,  but  they  are  rather  likely  to  come  slowly  and  to 
come  probably  when  the  amount  of  power  to  be  transmitted  is  so 

?:reat  as  to  warrant  extraordinary  precautions  in  insulation  and 
ine  inspection. 
The  Chairman  then  called  on  Mr.  Charles  S.  Bradley  to  speak. 
Me.  Charles  S.  Bradley  : — I  think  that  I  have  very  little,  if 
anything,  to  add  to  the  discussion.  I  am,  of  course,  in  some  re- 
lationship with  the  General  Electric  Company,  as  is  Dr.  Bell,  and 
he  is  more  practical  than  I  am,  and  this  being  a  practical  depart- 
ment, of  course  does  not  give  me  the  opportunity  it  would  if  it . 
were  theoretical.  There  is  one  point  that  has  come  to  my  mind, 
that  seemed  desirable  to  suggest,  and  that  is  the  fact  that  in  inter- 
connected polyphase  systems  the  motors  will  help  the  equaliza- 
tion.    Should  there  be  any  drop  or  inequality  due  to  a  difference 


464  POWER  TRANSMISSION. 

of  load  on  the  various  branches,  the  motors  being  on  all  the  inter- 
connected circuits,  especially  if  they  are  synchronous,  will  tend 
to  help  to  keep  the  distribution  and  voltage  even. 

The  Chairman  : — As  we  were  obliged  to  limit  the  time  of  Mr. 
Charles  P.  Steinmetz  yesterday,  I  take  pleasure  in  again  calling 
on  him  to  continue  the  discussion. 

Mb.  Steinmetz  : — Having  listened  to  this  very  interesting  dis- 
cussion, I  would  like  to  make  a  few  remarks  on  some  points  which 
have  been  brought  out. 

First,  on  the  question  of  polyphase  motors  and  the  lag  or  re- 
tardation in  the  circuit  caused  by  them.  I  have  seen  the  results 
of  a  number  of  tests  of  motors  of  all  sizes  and  kinds,  and  I  have 
found  that  the  lag  in  the  circuit  or  the  power  factor  cannot  be 
expressed  by  simple  expressions,  but  it  is  of  a  much. more  com- 
plicated nature.  As  before  stated,  I  had  occasion  to  check  my 
tests  directly  by  the  results  of  practical  observation  and  to  find 
whether  they  agreed  or  not,  and  I  found  a  complete  agreement. 
If  you  have  a  polyphase  motor,  then  the  cosine  of  the  angle  of 
lag  will  vary.  It  the  motor  is  loaded  beyond  a  certain  point,  it 
comes  to  a  stop  and  chokes  the  circuit.  Now,  how  hi^h  the 
maximum  point  is,  depends  on  the  design  of  the  motor  evidently 
and  upon  its  purpose.  In  some  applications  the  motor  should 
be  able  to  stand  a  very  large  overload  without  getting  out  of 
step,  but  it  will  not  run  efficiently  at  light  loads.  Or  the  motor 
may  be  designed  so  that  it  will  not  carry  so  much  of  a  load,  but 
will  have  a  very  high  power  factor  at  light  loads.  Now,  this 
function  depends  upon  three  distinct  and  different  factors.  The 
first  is  the  self-induction  of  the  armature ;  the  second,  the  mag- 
netization of  the  motor,  and  the  third  is  the  self-induction  of  the 
field.  A  certain  e.  m.  f.  is  required  to  produce  magnetization  of 
the  motor,  and  the  e.  m.  f.  induced  will  be  at  right  angles  to  it. 
Hence  the  current  in  the  armature  lagging  behind  is  at  a  certain 
angle,  due  to  the  self  induction  of  the  armature  and  the  primary 
current,  which,  combined  with  the  armature  current,  must  give 
the  resultant  of  the  parallelogram.  Now,  the  angle  between  the 
e.  m.  f.  and  the  primary  current  or  field  current  is  due  partly  to 
the  retardation  in  the  secondary  circuit.  The  secondary  current 
lags  behind  the  secondary  e.  m.  f.  The  primary  current  lags  be- 
hind the  secondary  current,  and  the  primary  e.  m.  f.  advances  in 
consequence  of  the  self-induction,  so  you  see  the  three  factors 
constitute  a  lag.  I  cannot  here  go  into  mathematics,  and  I  have 
not  exactly  calculated  at  what  point  the  motor  will  fall  out  of 
step,  but  this  is  one  point  1  wished  to  draw  attention  to. 

A  further  point  is  that  the  self-induction  of  the  armature  is  of 
much  importance,  being  really  one  of  the  main  factors  which 
causes  the  angle  of  lag  and  the  falling  out  of  step.  It  ha9  been 
attempted  to  provide  means  to  get  over  this.  The  best  means 
is  to  make  the  armature  with  very  low  self-induction.  Further- 
more, it  has  been  proposed  to  surround  the  armature  by  a  coil 
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which  acts  in  the  opposite  direction  and  thereby  destroying  the 
magnetic  circuit  established  by  the  armature  current.  This 
arrangement  was  used  about  three  years  ago  by  Mr.  Eicke- 
meyer  to  overcome  the  self-induction  of  an  alternate  current 
motor  armature  by  surrounding  the  armature  closely  by  a  circuit 
excited  by  a  current  in  opposite  direction  and  of  equal  magnetiz- 
ing force,  with  the  current  in  the  armature,  and  at  that  time  I 
had  occasion  to  make  a  very  complete  study  of  this  method  and 
found  that  it  worked  very  well  in  reducing  the  self-induction  of 
the  armature,  but  does  not  annihilate  it. 

It  was  said  yesterday  that  it  would  be  interesting  to  compare 
the  output  of  a  machine  used  as  a  continuous  current  generator 
with  its  output  as  an  alternating  machine.  I  think  we  cannot  do 
this  any  more  than  we  can  compare  any  two  heterogeneous  ma- 
chines. The  best  way  to  build  a  continuous  current  machine  is 
not  the  way  to  build  an  alternating  current  machine.  The  maxi- 
mum output  of  the  continuous  current  machine  depends  mainly 
upon  the  conditions  at  the  commutator.  The  maximum  output 
ot  the  alternating  machine  depends  upon  the  self-induction  of 
the  armature,  ana  so  they  are  dependent  upon  each  other  to  a 
certain  extent,  but  it  may  be  that  one  machine  will  give  a  larger 
output  as  a  continuous  than  as  an  alternating  machine,  and  an- 
other may  give  a  larger  output  as  an  alternating  than  as  a  con- 
tinuous current  machine. 

Now,  some  things  have  been  brought  forward  against  the  poly- 
phase systems.  I  do  not  believe  in  the  polyphase  systems  very 
much  myself.  I  consider  them  only  as  a  state  of  the  art  whicn 
we  have  to  use  now  because  the  single  phase  system  is  not  as  yet 
developed  sufficiently  to  place  entire  reliance  in  it,  but  I  hope 
the  polyphase  system  will  be  gone  very  soon  and  we  will  have 
the  single  phase ;  but  as  long  as  we  have  got  it,  we  must  study  the 
unbalancing  of  the  three  phase  or  other  polyphase  systems  which 
was  so  clearly  explained  by  Professor  Forbes.  I  have  always 
found  that  a  difficulty  is  a  difficulty  only  as  long  as  we  do  not 
understand  it,  but  as  soon  as  we  understand  what  is  going  on, 
how  it  is  caused,  and  we  are  able  to  calculate  the  effect,  then  we 
can  design  our  machines  so  that  the  difficulty  does  not  exist. 

With  regard  to  the  high  potential  dynamo,  we  have  differences 
of  opinion.  One  says  tlie  best  way  is  to  build  the  alternating 
generator  of  very  high  potential — 20,000  or  30,000  volts.  The 
other  says  it  is  preferable  to  build  the  machine  for  low  potential. 
I  believe  that  if  one  tries  to  build  our  present  alternating  poly- 
phase machines  for  anything  more  than  5,000  to  6,000  volte,  he 
will  fail  badly.  I  think  it  is  utterly  hopeless  to  build  our  present 
forms  of  alternating  machines  for  potentials  like  20,000  volts,  but 
on  the  other  hand  what  can  we  do  in  the  transformers  to  make 
them  safe  for  20,000  volts  ?  Why  can  we  not  do  the  same  for 
generators  ?  The  only  question  is  dollars  and  cents,  really.  That 
is  the  test — which  is  the  cheapest  way  ?     16  it  cheaper  to  build 
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machines  like  the  transformers  designed  to  stand  these  very  high 
potentials,  or  is  it  preferable  to  use  transformers  and  to  build  the 
machine  for  a  low  potential  ?  It  may  sound  very  hard  to  say  that 
it  is  only  a  question  of  money,  but  a  scheme  may  be  as  feasible 
as  you  like  but  it  will  never  be  carried  out,  if  it  is  impracticable 
from  a  financial  point  of  view. 

In  running  the  line  you  find  the  same  condition  again.  Yon 
already  have  conduits  running  all  over  the  country,  oil  pipes. 
Oil  is  a  splendid  insulator.  Mains  laid  in  oil  pipes  would  be  a 
very  good  way  to  have  the  best  insulation.  You  could  get  rid 
of  all  the  insulation  and  everthing  else,  and  still  reduce  the 
expense  by  a  good  deal.  The  self-mductiou  is  a  very  serious 
bugbear.  It  is  a  difficulty  as  long  as  you  do  not  know  how  to 
calculate  it  and  handle  it  and  compensate  and  eliminate  it,  but  as 
soon  as  you  are  able  to  do  that  the  self-induction  will  change 
from  being  your  enemy  and  become  perhaps  your  best  friend. 

The  President  then  gave  the  floor  to  Dr.  N.  S.  Keith,  who 
spoke  as  follows : 

Dr.  Keith  : — I  have  very  little  to  say  except  in  the  practical 
way.  I  have  listened  to  this  discussion  upon  polyphase  systems. 
I  find  that  they,  are  essentially  theoretical,  and  based  upon  what 
is  to  be  done.  I  can  refer  to  constant  current  transmission  as  a 
thing  which  has  been  accomplished,  and  which  is  in  practice. 
Whether  .one  will  be  preferable  to  the  other  I  doubt,  except  in 
special  instances  where  one  is  more  applicable  than  the  other. 

As  Professor  Forbes  spoke  of  the  immense  power  of  Niagara 
which  he  proposes  to  distribute  over  a  greater  portion  of  the 
State  of  New  i  ork,  it  occurred  to  me  to  say  something  to  the 
Congress  about  the  immense  amount  of  power,  which  is  avail- 
able in  the  mountains  of  the  Sierra  Nevada*,  which  extend  all  the 
way  from  Alaska  to  Patagonia.  In  all  those  places  we  have  an 
accumulation  on  the  mountains  of  immense  bodies  of  snow  during 
the  winter  As  these  snows  melt  in  the  spring  they  pass  to  the 
sea  through  many  rivers,  and  the  fall  of  water  from  these  accum- 
ulations of  snow  before  reaching  the  sea,  or  rather  the  level  of 
the  arable  land  below,  is  exceedingly  great,  as  we  understand  it  in 
this  section  of  the  country  ;  varying  from  7,000  to  10,000  feet  in 
height.  At  almost  regular  intervals  throughout  the  State  of  Cal- 
ifornia, rivers  run  west  and  parallel  to  each  other,  and  empty  into 
the  Sacramento  and  San  Joaquin  rivers,  so  discharging  great 
quantities  of  water  into  the  sea.  This  quantity  varies,  when  un- 
restrained, from  an  exceeding  large  flow  to  a  minimum  flow  at 
about  this  season,  and  later  in  the  year.  We  have  there  a  wet 
season  and  a  dry  season,  the  summer  season  being  dry  and  the 
winter  wet.  During  the  winter  rains  fall  in  the  lower  countries 
and  in  the  highlands,  snows.  Taking  advantage  of  these  facts, 
years  ago  extending  back  40  years  even  ditch  companies,  as  they 
are  called,  built  canals,  or  ditches,  from  the  higher  sources  of 
these  rivers  and  carried  them  around  the  mountain  sides,  often- 
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times  with  great  engineering  ability,  and  expense.  Those  ditches 
exist  to-day,  and  they  are  almost  innumerable.  They  number 
into  the  hundreds ;  but  there  are  many  of  them  which  have  been 
combined  under  the  ownership  of  companies.  These  companies 
pursue  the  plan  of  selling  this  water  which  they  accumulate  at 
the  heads  of  the  rivers,  for  various  purposes,  especially  for  power 
and  for  irrigation.  Bat  in  order  to  use  it  for  power,  in  the  mi- 
ning sections  *of  the  country  more  especially,  they  have  to  drop  it 
from  higher  levels  frequently  into  lower  levels,  in  order  to  carry 
it  to  the  point  where  it  is  desired.  There  are  many  places  in  the 
mountains,  where  power  is  requisite,  which  cannot  be  directly 
supplied  by  means  of  these  water-falls,  nor  by  water  from  the 
ditches.  I  will  briefly  recite  the  case  of  one  ditch  company,  in 
order  to  show  the  immense  amount  of  power  which  it  has  at  its 
command  and  how  small  its  availability  is  at  present. 

There  is  one  company  which  has,  at  an  elevation  of  7,000  feet 
above  the  sea,  reservoirs,  both  natural  and  artificial,  with  an  ac- 
cumulation of  water  which  enables  it  to  flow  5,000  miner's  inches 
per  day  continually.  The  hydraulic  engineer  will  tell  you  that, 
for  a  rough  approximation  one  miner's  inch,  which  equals  about 
one  and  a  half  cubic  feet  per  minute,  falling  a  distance  of  400 
feet,  will  give  one  horse  power.  If  we  then  use  this  inch,  we 
may  say — state  its  value  as  400,  multiply  the  5,000  miner's  inches 
of  water  by  the  7,000  feet  of  fall,  and  divide  by  400,  we  obtain 
37,500  as  the  horse  power,  which  this  one  ditch  company,  alone 
has  available  for  power  purposes.  The  water  is  not  required  for 
irrigation,  except  on  a  small  scale  area,  until  it  reaches  the  lower 
level,  nearly  the  level  of  the  sea.  By  utilizing  this  water  by  elec- 
ric  power,  and  still  selling  as  much  power  as  the  company  now 
does  by  the  direct  application  of  water,  it  can  have  all  this  amount 
of  water  to  sell  at  the  lower  levels  at  a  price  which  is  now  30 
cents  a  miner's  inch,  per  day.  They  sell  the  water  for  power 
purposes  in  the  mountains  at  prices  varying  from  10  to  20  cents 
per  miner's  inch.  By  locating  dynamos  at  the  various  falls  from 
the  level  of  one  ditch  to  another,  they  can  utilize  all  this  power. 
But  say  that  from  losses  by  leakage  and  evaporation  ana  from 
amount  drawn  out  of  irrigation  at  various  places,  this  power  is 
only  50,000.  It  gives  the  company,  then,  from  three  to  four 
times  as  much  power  as  they  now  can  and  do  sell.  From  that, 
of  course,  there  would  be  losses  due  to  the  generation  of  electric- 
ity and  the  transmission  and  distribution  ;  but  even  then  this  com- 
paratively small  amount  of  power  could  be  supplied  at  a  far  great- 
er profit  than  is  now  done,  with  greater  benefit  to  the  miners  of 
the  state.  Wood  is  gettiug  very  scarce.  It  is  burned  off  in  the 
most  available  sections,  and  cheaper  power  is  desirable.  Many 
mines  are  closed  down  simply  because  the  power  necessary  to  op- 
erate them  is  too  costly.  By  arranging*  a  system  of  this  kind, 
either  for  the  ditch  companies,  or  for  those  who  may  become 
associated  with  them,  the  mining  interests  of  this  section  of  Cal- 
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ifornia  and  Nevada  will  be  very  much  increased.  We  will  then 
produce  some  of  the  gold  which  seems  to  be  so  desirable  to  in- 
crease our  currency. 

The  Chairman  then  called  on  Mr.  Herman  Lemp,  of  Lynn, 
Mass.: 

Mr.  Lemp  : — I  am  afraid  I  have  fallen  into  Section  A  this 
morning,  and  I  ask  the  indulgence  of  this  section  if  I  follow  the 
precepts  of  Section  C. 

The  subject  under  discussion  is  one  of  great  importance,  and 
with  the  exception  of  the  very  interesting  paper  on  Ocean  Tele- 
phony by  Professor  Silvanus  P.  Thompson,  nothing  that  I  have  had 
the  pleasure  of  listening  to  has  been  of  more  practical  value  to 
me  than  the  debate  on  the  problem  of  transmission  of  energy.  I 
am  connected  with  a  concern  which  is  in  a  great  measure  de- 
pendent upon  the  system  or  systems  through  which  the  mechani- 
cal energy  is  brought  to  the  consumer  to  be  utilized  and  trans- 
formed into  the  particular  form  required  for  his  business.  I 
fully  agree  with  Professor  Silvanus  P.Thompson  that  the  simplest 
system  is  the  best,  and  that  it  is  far  better  to  use  more  compli- 
cated methods  in  individual  applications,  even  at  the  expense  of 
economy,  than  to  make  the  whole  system  a  complicated  one  for 
the  sake  of  an  alleged  economy  or  beauty  of  a  new  scheme. 
Whatever,  therefore,  may  be  the  system  of  the  future,  we  will  have 
to  meet  it,  and  the  few  words  I  am  going  to  say  on  the  subject 
within  the  allotted  time  limit  of  our  honorable  chairman,  are  in 
response  to  a  question  propounded  by  Dr.  Duncan,  and  which  I 
have  not  heard  answered  as  yet. 

Dr.  Duncan  has  asked  the  question,  can  any  one  having  had 
practical  experience  with  rotary  transformers  of  the  single  wind- 
ing type  state  how  much  more  energy  can  be  transmitted  electri- 
cally through  such  a  transformer  as  compared  with  the  amount 
transmitted  mechanically  when  it  is  used  as  a  motor  pure  and 
simple.  While  these  are  not  the  exact  words  used  by  Dr.  Dun- 
can, I  think  they  express  his  meaning,  and  hope  Dr.  Duncan  will 
correct  me  if  I  am  mistaken. 

Before  I  answer  this  question  I  will  briefly  state  the  circum- 
stances that  led  me  to  use  the  rotary  transformer  and  under  what 
conditions  it  is  used  practically. 

While  commercially  introducing  the  Thomson  electric  welding 
process,  we  were  confronted  by  the  great  first  cost  of  machinery 
as  one  which  seriously  appeals  to  the  pocket  book  of  our  would-be 
customer.  Electric  welding  demands  considerable  power,  it  is 
true  generally  that  it  is  for  a  limited  time  only,  but  it  must  have 
the  power  when  needed  just  as  a  street  car  cannot  limit  itself  in 
this  country  to  the  seating  capacity  as  it  is  done  in  Paris.  Our 
customer  must  be  able  to  burn  his  specimen  to  be  welded  all  to 
pieces  if  need  be,  with  bad  or  good  contact.  But  our  customer 
does  not  always  have  the  power  to  spare,  and  if  he  has  to  get 
special  engines  and  boilers  he  must  provide  them  of  a  larger  size 
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than  it  would  be  necessary  if  the  generator  could  be  worked  on 
a  constant  load  factor.  Hence  the  great  first  cost  of  a  welding 
plant,  and  I  may  add  that  all  of  you  who  need  steam  power  know 
that  the  engine  to  give  it,  must  be  sufficiently  large  for  the  maxi- 
mum power  required,  that  even  with  a  fly  wheel  of  ordinary  di- 
mensions there  is  little  elasticity  in  a  steam  engine.  You  exceed 
its  capacity  and  it  comes  to  a  stop.  Not  so  with  an  electric 
motor.  Inhere  is  great  elasticity  in  an  electric  motor.  You 
overload  it  and  if  the  fuse  stands  it  the  motors  generally  will 
give  you  for  a  short  period  50  or  even  100  per  cent,  more  than 
its  rated  capacity. 

This  suggests  the  following :  Five  hundred  volt  power  circuits 
of  the  continuous  type  are  being  erected  all  over  the  United 
States  for  street  car  work.     Oar  standard  in  welding  requires  a 

rimary  voltage  of  300  volts  alternating.  Now,  is  there  no  way 
y  means  of  which  we  can  get  one  current  from  the  other?  The 
motor-dynamo  with  two  separate  windings  was  thought  of,  and 
in  a  happy  moment  the  idea  suggested  itself  to  me  to  connect  two 
points  at  180°  apart  on  the  commutator  of  a  two  pole,  500  volt 
motor  with  two  collecting  rings,  and  construct,  as  it  were,  a  revolv- 
ing pole  changer  with  self-induction  to  prevent  sparking,  I  had 
for  a  moment  the  presumption  to  congratulate  myself  upon  a  new 
and  practical  scheme,  but  only  a  few  days  later  I  found  it  to  be  one 
of  tlie  reinvented  foreign  inventions  alluded  to  before  by  some 
of  my  learned  friends,  and  had  I  understood  better  the  almost 
classical  book  on  dynamo-electric  machinery  of  our  esteemed 
Prof.  Silvan  us  P.  Thompson,  I  would  have  been  wiser  to  start  with. 

But  returning  to  our  subject.  Here  was  a  beautiful  chance  for 
using  the  rotary  transformer,  and  our  practical  results  have 
demonstrated  beyond  a  doubt  its  usefulness. 

You  will  perceive  that  the  average  e.  m.  f.  of  an  alternating 
circuit  whose  maximum  is  500  is  approximately  345  volts,  ana 
inasmuch  as  our  standard  voltage  for  indirect  welding  requires 
300,  the  additional  45  volts  will  be  used  for  drop  in  the  conduc- 
tors, etc. 

Now,  taking  up  the  question  of  Dr.  Duncan,  I  will  state  that 
if  the  load  in  the  alternating  circuit  consists  of  translating  de- 
vices without  self-induction,  and  if  also  the  field  magnets  of  the 
motor  are  laminated,  130  per  cent,  of  electrical  energy  can  be 
transmitted  through  such  a  rotary  transformer  taking  its  ordinary 
output  as  a  motor  at  100  per  cent.  The  lamination  of  the  field 
poles  I  consider  not  absolutely  necessary,  but  expedient  to  pre- 
vent heating  of  the  frame  through  reaction  of  armature  current 
not  practically  subdivided  in  two. 

A  self-inductive  load,  as  found  with  welding  apparatus,  causes 
increase  amperage  for  a  given  energy,  and  its  immediate  ill  effect 
is  to  cause  the  armature  to  race,  which,  however,  has  been  cor- 
rected by  a  compound  wound  field.  Since  no  belt  is  used  for 
transmitting  or  receiving  power,  there  is  no  objection  to  running 
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the  rotary  transformer  at  a  higher  speed  than  is  usual  with 
armatures.  In  this  way  the  output  is  increased  in  the  ratio  of 
the  speed,  which  compensates  for  the  loss  in  output  occasioned 
by  self-inductive  loads.  A  practical  application  of  this  rotary 
transformer  has  now  been  in  use  for  the  past  year,  commercially 
only  for  about  three  months,  for  the  purpose  of  welding  street 
car  rails  to  each  other  in  the  street.  Tne  machinery  consists  of  a 
four-pole  rotary  transformer  nominally  100  kilowatts,  actually 
giving  150  kilowatts.  It  is  compound  wound  and  connected  in 
flie  usual  way  to  the  trolley  circuit.  The  alternating  current  is 
conducted  to  a  large  transformer,  reducing  the  potential  to  three 
volts,  and  proportionally  increased  current.  This  plant  has  been 
continually  working  for  three  months,  day  and  night,  except 
Sunday,  transmitting  from  108  to  150  kilowatts,  used  for  welding 
sections  varying  from  5  to  12  square  inches.  A  full  description 
of  this  apparatus  I  reserve  for  a  paper  to  be  delivered  to  the  In- 
stitute at  a  later  date. 

The  Chairman  : — We  should  like  to  hear  again  from  Mr.  W. 
F.  C.  Hasson,  of  San  Francisco. 

Mr.  Hasson  : — I  came  East  for  information  on  long  distance 
transmission,  and  I  have  a  great  variety  of  plans  to  take  back 
with  me  to  think  over,  and  the  diversity  of  them  is  very  interest- 
ing, at  least.  I  was  going  to  tell  you  a  little  more  about  Cali- 
fornia myself,  but  that  is  rendered  unnecessary  by  one  of  the  late 
speakers.  . 

In  the  East  you  have  Niagara,  but  there  is  no  waterfall  of  any 
particular  importance  aside  from  that  Water  power  is  not  so 
essential  in  the  East  because  coal  is  not  so  dear  as  it  is  with  us. 
The  question  of  power  transmission  in  California  is  a  very  serious 
one.  It  is  absolutely  esssential  to  us  for  the  reasons  that  have 
been  given.  In  many  districts  there,  power  costs  from  $150  to 
$300  per  horse  power  per  annum,  which  renders  manufacturing 
and  the  working  of  mines  impossible,  and  with  us  it  is  not  the 
question  of  the  three-phase  or  two-phase  or  single-phase.  It  is 
any  system  that  will  m^et  the  requirements,  and  these  require- 
ments, briefly  stated  and  broadly  divided  over  the  entire  country 
there,  are  first  to  operate  mining  districts ;  that  is,  power  to  run 
mills  and  stamps ;  machinery  that  will  run  day  and  night,  week 
in  and  week  out  for  months  at  a  time.  Second,  power  to  run 
hoists  ;  power  to  run  pumps,  which  depends  upon  circumstances 
altogether,  and,  finally,  power  for  lights,  which,  of  course,  is  a 
varying  load,  and  is  really  in  those  districts  more  of  a  luxury  than 
a  necessity.  The  second  style  of  transmission  is  one  for  multi- 
farious purposes  for  a  number  of  cities,  and  that  is,  of  course,  to 
begin  with,  to  furnish  light ;  second,  to  furnish  power,  varying 
from  one-quarter  horse  power  to  500  horse  power;  third,  for 
traction  purposes.  Now,  for  the  purpose  of  transmitting  com- 
paratively large  blocks  of  power  for  continuous  operation,  the 
single-phase,  synchronous  machinery  appears  admirably  adapted 
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when  properly  constructed.  The  system  does  not,  however,  ap- 
pear to  be  sufficiently  flexible  in  the  transmission  of  power  for 
Seneral  purposes,  and  it  appears  to  me  from  what  I  have  heard 
ere,  that  difficulties  may  occur  on  the  line.  Our  modern  en- 
gineers have  solved  this  question  practically  in  the  development 
of  the  multiphase  systems,  as  is  shown  to  us  in  this  exposition  to- 
day. Looking  at  it  from  the  point  of  a  mechanical  engineer,  I 
have  never  seen  a  better  machine  in  all  of  its  mechanical  details 
than  that  presented  by  the  two-phase  system,  as  displayed  in  the 
Electricity  Building.  Leaving  out  any  other  considerations,  I 
was  surprised,  indeed,  to  hear  it  said  yesterday  by  one  of  the 
eminent  authorities,  that  the  multiphase  system  was  complex.  I 
fail  to  see  it.  It  appears  to  me  admirable  in  its  simplicity.  The 
mere  fact  that  by  a  single  system,  and  by  such  easy  means,  power 
may  be  generated  and  used  for  such  a  variety  of  purposes,  estab- 
lishes its  claim  to  simplicity  beyond  peradventure.  I  can  only 
think  that  this  eminent  authority  has  confounded  flexibility  with 
complexity. 

I  have  no  fault  to  find  with  the  systems  proposed  nor  with 
the  engineers  who  are  doing  their  best  to  promote  them.  I  can 
only  say  this  one  thing,  that  California  is  only  waiting  to  see  any 
one  of  these  systems  m  successful  commercial  operation  to  adopt 
them  to  an  enormous  extent. 

The  Chairman  : — Owing  to  the  lateness  of  the  hour  I  will 
call  upon  Dr.  Louis  Duncan  to  close  the  discussion. 

Dr.  Duncan  : — Of  the  points  brought  out  in  the  discussion  it 
seems  to  me  the  most  important  are  these :  In  the  first  place  it 
has  been  shown  that  we  are  in  a  position  to  use  two  or  three 
phase  currents  for  a  great  many  purposes.  Mr.  Scott's  exhibit 
is  promising  as  showing  the  purposes  ior  which  a  two  phase  cur- 
rent can  be  used,  and  nie  same  exhibit  could  have  been  made  by 
the  General  Company  with  their  apparatus. 

Another  point  is  whether  the  two  or  three  phase  system  is  the 
best  and  again,  whether  a  single  phase  system  will  not  supersede 
both,  and  it  seems  to  me  that  the  tendency  of  most  of  tne  for- 
eign speakers  and  those  of  the  American  speakers  who  have  had 
no  practical  experience  is  in  the  direction  of  a  single  phase  sys- 
tem. Those  01  our  American  speakers  who  have  had  experience 
and  have  seen  the  advantages  of  the  multiphase  system  are  in 
favor  of  the  multiphase  system.  The  future  can  only  tell  which 
will  be  best,  but  certainly  the  multiphase  system  at  present  is  the 
only  practical  system  for  general  distribution.  Another  import- 
ant question  that  was  briefly  taken  up  was  the  question  oi  the 
number  of  periods,  and  I  assure  you  that  is  not  merely  a  theo- 
retical one  but  a  question  of  vast  practical  importance.  This  is 
true,  I  think,  if  we  are  going  to  use  a  comprehensive  system  ;  if 
we  are  going  to  do  arc  and  incandescent  lighting,  as  well  as 
transmit  power,  then  we  must  use  about  50  periods  per  second. 
If  we  go  down  to  very  low  periods  we  seriously  complicate  our 
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lighting,  and  as  has  been  pointed  out  by  Mr.  Stilwell  we  put  our 
multiphase  motors  at  a  disadvantage,  greatly  increasing  tne  lag- 
ging current. 

There  are  only  two  other  matters  which  I  wish  to  refer  to. 
Mr.  Steinmetz  is  speaking  of  a  comparison  between  the  output 
of  continuous  ana  alternating  current  machines  so  evidently 
misunderstood  my  question  that  I  will  only  refer  to  Mr.  Lemp  s 
interpretation  of  the  question,  and  the  interesting  answer  which 
he  gave. 

Dr.  Bell  speaks  of  the  difference  in  efficiency  between  motors 
supplied  witn  sine  and  distorted  wave6  of  current,  and  seems  to. 
consider  a  loss  of  two  or  three  per  cent,  as  unimportant.     As  re- 

Sards  the  loss  of  power  I  acknowledge  that  he  is  partly  right, 
ut  as  regards  the  output  he  is  certainly  wrong.  To  take  an 
extreme  case  if  the  efficiency  of  a  motor  were  97  per  cent,  an 
additional  loss  of  three  per  cent,  would  about  halve  its  output. 

Gentlemen,  there  is  nothing  to  add  to  this  discussion,  but  I 
think  we  all  should  be  very  grateful  to  the  speakers,  but  especi- 
ally those  who  have  brought  their  practical  experience  here  and 
given  us  the  result  of  their  studies. 

The  Chairman  : — Prior  to  adjournment  I  have  been  requested 
to  read  by  title  the  name  of  a  paper  upon  our  programme.  It 
is  as  follows :  "  A  Note  on  the  Variation  of  the  Capacity  of 
Insulated  Wires  with  Temperature,"  by  Professor  Hermann  S. 
Hering. 


NOTE  ON  THE  VARIATION  OF  CAPACITY  OF 
INSULATED  WIRES  WITH  TEMPERATURE. 


BY    HERMANN    8.    HE  RING,   OF   BALTIMORE,   MD. 


While  making  some  tests  of  insulated  wire  for  the  Chicago 
Electric  Company,  I  determined  the  capacity,  resistance  and  elec- 
trification at  various  temperatures,  and  found  that  there  was  a 
decided  variation  of  the  capacity  with  the  temperature  of  the 
wires.  The  samples  of  the  wire  tested  were  of  No.  12  and  16  B. 
and  S.  guage  covered  with  vulcanized  rubber,  the  patented  pro- 
cess of  this  Company,  and  invented  by  Mr.  H.  B.  Cobb  of  Wil- 
mington,  Del.  The  radial  thickness  of  the  insulation  was  about 
-^  inch.  In  two  of  the  samples  furnished,  Nob.  3  and  5,  the  in- 
sulation was  loose  upon  the  wire,  and  in  Nos.  1,  2  and  6  it  was 
tight. 

By  referring  to  the  diagram  it  will  be  observed  that  the  curves 
are  distinct  and  have  a  definite  shape,  and  that  there  is  a  decided 
increase  of  capacity  within  the  usual  ranges  of  temperature  met 
in  practice. 

All  the  tests  were  made  in  the  same  manner,  with  the  same- 
instruments  and  with  all  possible  errors  eliminated.  Readings  were 
taken  after  the  wire  had  been  charged  20  seconds. 

The  curves  represented  by  solid  lines  were  made  during  an  im- 
mersion of  the  wire  of  from  5  to  10  days.  Those  represented 
by  broken  lines  were  made  after  an  immersion  of  from  20  to  30 
days.  It  will  be  observed  also  that  the  capacity  increased  slight- 
ly with  the  length  of  immersion,  and  that  the  capacity  of  sam- 
ples No6.  3  and  5,  whose  insulation  was  loose,  not  only  had  a 
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smaller  capacity  per  mile  than  samples  Nos.  1,  2  and  6,  whose  in- 
sulation was  tight,  but  also  had  less  variation  within  the  same 
ranges  of  temperature. 

The  cause  of  this  increase  of  capacity  with  the  increase  of  tem- 
perature, is  not  easily  explained  unless  the  expansion  and  con- 
traction of  the  insulation  acts  inwardly  as  well  as  outwardly,  or 
if  the  specific  inductive  capacity  of  the  vulcanized  rubber  changes 
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very  materially  within  these  variations  of  temperature  but  yet 
that  does  not  offer  an  entire  explanation.  I  thought  at  least  that 
the  results  would  be  interesting,  notwithstanding  that  I  had  no 
satisfactory  theory  with  which  to  explain  them. 


On  motion  it  was 

Resolved^  That  a  vote  of  thanks  be  tendered  to  our  Chairman 
for  the  impartial  and  good  natured  way  in  which  he  has  per- 
formed his  duties  as  Chairman. 

This  resolution  being  carried  unanimously,  on  motion,  the  meet- 
ing adjourned  sine  die. 


THE  TESLA  MECHANICAL  AND  ELECTKICAL 

OSCILLATOKS.* 


On  the  evening  of  Friday,  August  25,  Mr.  Tesla  delivered  a 
lecture  onhis  mechanical  and  electrical  oscillators,  before  the  mem- 
bers of  the  Electrical  Congress,  in  the  hall  adjoining  the  Agricul- 
tural Building,  at  the  World's  Fair  Grounds.  Besides  the  ap- 
paratus in  the  room,  he  employed  an  air  compressor,  which  was 
driven  by  an  electric  motor. 

Mr.  Tesla  was  introduced  by  Dr.  Elisha  Gray,  and  began  by 
stating  that  the  problem  he  had  set  out  to  solve  was  to  construct, 
first,  a  mechanism  which  would  produce  oscillations  of  a  per- 
fectly constant  period  independent  of  the  pressure  of  steam  or 
air  applied,  within  the  widest  limits,  and  also  independent  of 
frictional  losses  and  load.  Secondly,  to  produce  electric  cur- 
rents of  a  perfectly  constant  period  independently  of  the  work- 
ing conditions,  and  to  produce  these  currents  with  mechanism 
which  should  be  reliable  and  positive  in  its  action  without  resort- 
ing to  spark  gaps  and  breaks.  This  he  successfully  accomplished 
in  his  apparatus,  and  with  this  apparatus,  now,  scientific  men  will 
be  provided  with  the  necessaries  for  carrying  on  investigations 
with  alternating  currents  with  great  precision.  These  two  in- 
ventions Mr.  Tesla  called,  quite  appropriately,  a  mechanical  and 
an  electrical  oscillator,  respectively. 

The  former  is  substantially  constructed  in  the  following  way. 
There  is  a  piston  in  a  cylinder  made  to  reciprocate  automatically 
by  proper  dispositions  of  parts,  similar  to  a  reciprocating  tool. 
Mr.  Tesla  pointed  out  that  he  had  done  a  great  deal  of  work  in 

*    Reprinted  from  "The  Inventions,  Researches  and  Writings  of  Nikola 
Tesla."    ByT.  C.  Martin. 
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perfecting  his  apparatus  so  that  it  would  work  efficiently  at  such 
higli  frequency  of  reciprocation  as  he  contemplated,  but  he  did  not 
dwell  on  the  many  difficulties  encountered.  He  exhibited,  how- 
ever, the  pieces  of  a  steel  arbor  which  had  been  actually  torn 
apart  while  vibrating  against  a  minute  air  cushion. 

With  the  piston  above  referred  to  there  is  associated  in  one  of 
his  models  in  an  independent  chamber  an  air  spring,  or  dash  pot, 
or  else  he  obtains  the  spring  within  the  chambers  of  the  oscillator 
itself .  To  appreciate  the  beauty  of  this  it  is  only  necessary  to  say 
that  in  that  disposition,  as  he  showed  it,  no  matter  what  the 
rigidity  of  the  spring  and  no  matter  what  the  weight  of  the  mov- 
ing parts,  in  other  words,  no  matter  what  the  period  of  vibrations, 
the  vibrations  of  the  spring  are  always  isochronous  with  the  ap- 
plied pressure.  Owing  to  this,  the  results  obtained  with  these 
vibrations  are  truly  wonderful.  Mr.  Tesla  provides  for  an  air 
spring  of  tremendous  rigidity,  and  he  is  enabled  to  vibrate  big 
weights  at  an  enormous  rate,  considering  the  inertia,  owing  to  the 
recoil  of  the  spring.  Thus,  for  instance,  in  one  of  these  experi- 
ments, he  vibrates  a  weight  of  approximately  20  pounds  at  the 
rate  of  about  80  per  second  and  with  a  stroke  of  about  -|  inch, 
but  by  shortening  the  stroke  the  weight  could  be  vibrated  many 
hundred  times,  and  has  been,  in  other  experiments. 

To  start  the  vibrations,  a  powerful  blow  is  struck,  but  the  ad- 
justment can  be  so  made  that  only  a  minute  effort  is  required  to 
start,  and,  even  without  any  special  provision,  it  will  start  by 
merely  turning  on  the  pressure  suddenly.  The  vibration  being, 
of  course,  isochronous,  any  change  of  pressure  merely  produces  a 
shortening  or  lengthening  of  the  stroke.  Mr.  Tesla  showed  a 
number  of  very  clear  drawings,  illustrating  the  construction  of 
the  apparatus  from  which  its  working  was  plainly  discernible. 
Special  provisions  are  made  so  as  to  equalize  the  pressure  within 
the  dash  pot  and  the  outer  atmosphere.  For  this  purpose  the 
inside  chambers  of  the  dash  pot  are  arranged  to  communicate 
with  the  outer  atmosphere  so  that  no  matter  how  the  tempera- 
ture of  the  enclosed  air  might  vary,  it  still  retains  the  same  mean 
density  as  the  outer  atmosphere,  and  by  this  method  a  spring  of 
constant  rigidity  is  obtained.  Now,  of  course,  the  pressure  of 
the  atmosphere  may  vary,  and  this  would  vary  the  rigidity  of  the 
spring,  and  consequently  the  period  of  vibration,  and  this  feature 
constitutes  one  of  the  great  beauties  of  the  apparatus ;  for,  as  Mr. 
Tesla  pointed  out,  this   mechanical  system  acts  exactly  like  a 
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string  tightly  stretched  between  two  points,  and  with  fixed  nodes, 
so  that  slight  changes  of  the  tension  do  not  in  the  least  alter  the 
period  of  oscillation. 

The  applications  of  such  an  apparatus  are,  of  course,  numer- 
ous and  obvious.  The  first  is,  of  course,  to  produce  electric 
currents,  and  by  a  number  of  models  and  apparatus  on  the  lecture 
platform,  Mr.  Tesla  showed  how  this  could  be  carried  out  in 
practice  by  combining  an  electric  generator  with  his  oscillator. 
He  pointed  out  what  conditions  must  be  observed  in  order  that 
the  period  of  vibration  of  the  electrical  system  might  not  disturb 
the  mechanical  oscillation  in  such  a  way  as  to  alter  the  periodicity, 
but  merely  to  shorten  the  stroke.  He  combines  a  condenser 
with  a  self-induction,  and  gives  to  the  electrical  system  the  same 
period  as  that  at  which  the  machine  itself  oscillates,  so  that  both 
together  then  fall  in  step  and  electrical  and  mechanical  resonance 
is  obtained,  and  maintained  absolutely  unvaried. 

Next  he  showed  a  model  of  a  motor  with  delicate  wheelwork, 
which  was  driven  by  these  currents  at  a  constant  speed,  no  mat- 
ter what  the  air  pressure  applied  was,  so  that  this  motor  could 
be  employed  as  a  clock.  He  also  showed  a  clock  so  constructed 
that  it  could  be  attached  to  one  of  the  oscillators,  and  would 
keep  absolutely  correct  time.  Another  curious  and  interesting 
feature  which  Mr.  Tesla  pointed  out  was  that,  instead  of  con- 
trolling the  motion  of  the  reciprocating  piston  by  means  of  a 
spring,  so  as  to  obtain  isochronous  vibration,  he  was  actually  able 
to  control  the  mechanical  motion  by  the  natural  vibration  of  the 
electro-magnetic  system,  and  he  said  that  the  case  was  a  very 
simple  one,  and  was  quite  analogous  to  that  of  a  pendulum. 
Thus,  supposing  we  had  a  pendulum  of  great  weight,  preferably, 
which  would  be  maintained  in  vibration  by  force,  periodically 
applied  ;  now  that  force,  no  matter  how  it  might  vary,  although 
it  would  oscillate  the  pendulum,  would  have  no  control  over  its 
period. 

Mr.  Tesla  also  described  a  very  interesting  phenomenon  which 
he  illustrated  by  an  experiment.  By  means  of  this  new  appara- 
tus, he  is  able  to  produce  an  alternating  current  in  which  the 
e.  m.  f.  of  the  impulses  in  one  direction  preponderates  over  that 
of  those  in  the  other,  so  that  there  is  produced  the  effect  of  a 
direct  current.  In  fact,  he  expressed  the  hope  that  these  cur- 
rents would  be  capable  of  application  in  many  instances,  serving 
as  direct  currents.     The  principle  involved  in  this  preponderat- 
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ing  e.  m.  f.  he  explains  in  this  way :  Suppose  a  conductor  is 
moved  into  the  magnetic  field  and  then  suddenly  withdrawn.  If 
the  current  is  not  retarded,  then  the  work  performed  will  be  a 
mere  fractional  one ;  but  if  the  current  is  retarded,  then  the 
magnetic  field  acts  as  a  spring.  Imagine  that  the  motion  of  the 
conductor  is  arrested  by  the  current  generated,  and  that  at  the 
instant  when  it  stops  to  move  into  the  field,  there  is  still  the 
maximum  current  flowing  in  the  conductor ;  then  this  current 
will,  according  to  Lenz's  law,  drive  the  conductor  out  of  the  field 
again,  and  if  the  conductor  has  no  resistance,  then  it  would  leave 
the  field  with  the  velocity  it  entered  it.  Now  it  is  clear  that  if, 
instead  of  simply  depending  on  the  current  to  drive  the  conduc- 
tor out  of  the  field,  the  mechanically  applied  force  is  so  timed 
that  it  helps  the  conductor  to  get  out  of  the  field,  then  it  might 
leave  the  field  with  higher  velocity  than  it  entered  it,  and 
thus  one  impulse  is  made  to  preponderate  in  e.  m.  f.  over  the 
other. 

With  a  current  of  this  nature,  Mr.  Tesla  energized  magnets 
strongly,  and  performed  many  interesting  experiments  bearing 
out  the  fact  that  one  of  the  current  impulses  preponderates. 
Among  them  was  one  in  which  he  attached  to  his  oscillator  a  ring 
magnet  with  a  small  air  gap  between  the  poles.  This  magnet  was 
oscillated  up  and  down  80  times  a  second.  A  copper  disk,  when 
inserted  within  the  air  gap  of  the  ring,  magnet,  was  brought  into 
rapid  rotation.  Mr.  Tesla  remarked  that  this  experiment  also 
seemed  to  demonstrate  that  the  lines  of  flow  of  current  through 
a  metallic  mass  are  disturbed  by  the  presence  of  a  magnet  in  a 
manner  quite  independently  of  the  so-called  Hall  effect.  He 
showed  also  a  very  interesting  method  of  making  a  connection 
with  the  oscillating  magnet.  This  was  accomplished  by  attaching 
to  the  magnet  small  insulated  steel  rods,  and  connecting  to  these 
rods  the  ends  of  the  energizing  coil.  As  the  magnet  was  vibrated, 
stationary  nodes  were  produced  in  the  steel  rods,  and  at  these 
points  the  terminals  of  a  direct  current  source  were  attached. 
Mr.  Tesla  also  pointed  out  that  one  of  the  uses  of  currents,  such 
as  those  produced  in  his  apparatus,  would  be  to  select  any  given 
one  of  a  dumber  of  devices  connected  to  the  same  circuit  by  pick- 
ing out  the  vibration  by  resonance.  There  is  indeed  little  doubt 
that  with  Mr.  Tesla's  devices,  harmonic  and  synchronous  tele- 
graphy will  receive  a  fresh  impetus,  and  vast  possibilities  are 
again  opened  up. 


TK3LA  OSCILLATORS.  478 

Mr.  Teela  was  very  much  elated  over  his  latest  achievements, 
and  said  that  he  hoped  that  in  the  hands  of  practical,  as  well  as 
scientific  men,  the  devices  described  by  him  would  yield  important 
results.  He  laid  special  stress  on  the  facility  now  afforded  for 
investigating  the  effect  of  mechanical  vibration  in  all  directions, 
and  also  showed  that  he  had  observed  a  number  of  facts  in  con- 
nection with  iron  cores. 


The  engraving,  Fig.  1,  shows,  in  perspective,  one  of  the 
forms  of  apparatus  used  by  Mr.  Tesla  in  his  earlier  investigations 
in  this  field  of  work,  and  its  interior  construction  is  made  plain 
by  the  sectional  view  shown  in  Fig.  2.  It  will  be  noted  that  the 
piston  p  is  fitted  into  the  hollow  of  a  cylinder  c  which  is  provided 
with  channel  ports  o  o,  and  i,  extending  all  around  the  inside 
surface.     In  this  particular  apparatus  there  are  two  channels  o  0 
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for  the  outlet  of  the  working  fluid  and  one,  i,  for  the  inlet. 
The  piston  p  is  provided  with  two  slots  8  s'  at  a  carefully  deter- 
mined distance,  one  .from  the  other.  The  tubes  t  t  which  are 
screwed  into  the  holes  drilled  into  the  piston,  establish  communi- 
cation between  the  slots  s  s'  and  chambers  on  each  side  of  the 
piston,  each  of  these  chambers  connecting  with  the  slot  which  is 
remote  from  it.  The  piston  p  is  screwed  tightly  on  a  shaft  a 
which  passes  through  fitting  boxes  at  the  end  of  the  cylinder  c. 
The  boxes  project  to  a  carefully  determined  distance  into  the  hol- 
low of  the  cylinder  c,  thus  determining  the  length  of  the  6troke. 
Surrounding  the  whole  is  a  jacket  j.  This  jacket  acts  chiefly  to 
diminish  the  sound  produced  by  the  oscillator  and  as  a  jacket  when 
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Fig.  3. 


the  oscillator  is  driven  bv  steam,  in  which  case  a  some  what  differ- 
ent  arrangement  of  the  magnets  is  employed.  The  apparatus  here 
illustrated  was  intended  for  demonstration  purposes,  air  being 
used  as  most  convenient  for  this  purpose. 

A  magnetic  frame  m.  m.  is  fastened  so  as  to  closely  surround  the 
oscillator  and  is  provided  with  energizing  coils  which  establish 
two  strong  magnetic  fields  on  opposite  sides.  The  magnetic  frame 
is  made  up  of  thin  sheet  iron.  In  the  intensely  concentrated 
field  thus  produced,  there  are  arranged  two  pair  of  coils  h  h  sup- 
ported in  metallic  frames  which  are  screwed  on  the  shaft  a  of 
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the  piston  and  have  additional  bearings  in  the  boxes  b  b  on  each 
side.  The  whole  is  mounted  on  a  metallic  base  resting  on  two 
wooden  blocks. 

The  operation  of  the  device  is  as  follows :  The  working  fluid 
being  admitted  through  an  inlet  pipe  to  the  slot  i  and  the  piston 
being  supposed  to  be  in  the  position  indicated,  it  is  sufficient, 
though  not  necessary,  to  give  a  gentle  tap  on  one  of  the  shaft 
ends  protruding  from  the  boxes  b.  Assume  that  the  motion  im- 
parted be  such  as  to  move  the  piston  to  the  left  (when  looking  at 
the  diagram)  then  the  air  rushes  through  the  slot  s'  and  tube  t 
into  the  chamber  to  the  left.  The  pressure  now  drives  the  pis- 
ton towards  the  right  and  owing  to  its  inertia,  it  overshoots  the 
position  of  equilibrium  and  allows  the  air  to  rush  through  the 
slot  s  and  tube  t  into  the  chamber  to  the  right,  while  the  com- 
munication to  the  left  hand  chamber  is  cut  off,  the  air  of  the 
latter  chamber  escaping  through  the  outlet  o  on  the  left.  On 
the  return  stroke  a  similar  operation  takes  place  on  the  right 
hand  side.  This  oscillation  is  maintained  continuously  and  the 
apparatus  performs  vibrations  from  a  scarcely  perceptible  quiver 
amounting  to  more  than  ^  of  an  inch,  up  to  the  vibrations  of  a  little 
over  |  of  an  inch,  according  to  the  air  pressure  and  load.  It  is 
indeed  interesting  to  see  how  an  incandescent  lamp  is  kept  burn- 
ing with  the  apparatus  showing  a  scarcely  perceptible  quiver. 

To  perfect  the  mechanical  part  of  the  apparatus  so  that  oscil- 
lations are  maintained  economically  was  one  thing,  and  Mr.  Tesia 
hinted  in  his  lecture  at  the  great  difficulties  he  had  iirst  encoun- 
tered to  accomplish  this.  But  to  produce  oscillations  which  would 
be  of  constant  period  was  another  task  of  no  mean  proportions. 
As  already  pointed  out,  Mr.  Tesla  obtains  the  constancy  of  period 
in  three  distinct  ways.  Thus,  he  provides  properly  calculated 
chambers,  as  in  the  case  illustrated,  in  the  oscillator  itself ;  or  he  as- 
sociates with  the  oscillator  an  air  spring  of  constant  resilience.  But 
the  most  interesting  of  all,  perhaps,  is  the  maintenance  of  the  con- 
stancy of  oscillation  by  the  reaction  of  the  electromagnetic  part  of 
the  combination.  Mr.  Tesla  winds  his  coils,  by  preference,  for  high 
tension  and  associates  with  them  a  condenser,  making  the  natural 
period  of  the  combination  fairly  approximating  to  the  average  per- 
iod at  which  the  piston  would  oscillate  without  any  particular 
provision  being  made  for  the  constancy  of  period  under  varying 
pressure  and  load.  As  the  piston  with  the  coils  is  perfectly  free  to 
move,it  is  extremely  susceptible  to  the  influence  of  the  natural  vibra- 
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tion  set  up  in  the  circuits  of  the  coils  h  h.  The  mechanical  effici- 
ency of  the  apparatus  is  very  high  owing  to  the  fact  that  friction 
is  reduced  to  a  minimum  and  the  weights  which  are  moved  are 
small ;  the  output  of  the  oscillator  is  therefore  a  very  large  one. 

Theoretically  considered,  when  the  various  advantages  which 
Mr.  Tesla  holds  out  are  examined,  it  is  surprising,  considering 
the  simplicity  of  the  arrangement,  that  nothing  was  done  in  this 
direction  before.  No  doubt  many  inventors,  at  one  time  or 
other,  have  entertained  the  idea  of  generating  currents  by  at- 
taching a  coil  or  a  magnetic  core  to  the  piston  of  a  steam  engine, 
or  generating  currents  by  the  vibrations  of  a  tuning  fork,  or 
similar  devices,  but  the  disadvantages  of  such  arrangements  from 
an  engineering  standpoint  must  be  obvious.  Mr.  Tesla,  however, 
in  the  introductory  remarks  of  his  lecture,  pointed  out  how  by  a 
series  of  conclusions  he  was  driven  to  take  up  this  new  line  of 
work  by  the  necessity  of  producing  currents  of  constant  period 
and  as  a  result  of  his  endeavors  to  maintain  electrical  oscillation 
in  the  most  simple  and  economical  manner. 


International  Electrical  Congress  Banquet  in  Honor  of 
the  Foreign  Official  Delegates,  Given  by  the  Elec- 
tricians of  America,  Chicago,  Thursday  Evening,  August 
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Olivette,  Camillo 
O'Dea,  M. 
Otis,  N.  P. 
Owens,  R.  B. 
O'Hara,  J.  B. 
Pollak,  C. 
Perry,  Nelson  W. 
Pope,  Ralph  W. 
Phelps,  Geo,  M. 
Perkins,  F.  C. 
Page,  Ohaa.  T. 
Perry,  D.  P. 
Patterson,  G.  W.  Jr. 
Powers,  K.  L. 
Reed,  Henry  A. 
Richardson,  R.  E. 
Rogers,  H.  R. 
Rotch.  A.  L. 
Regua,  Mr.  Harry  L. 
Rowland,  Henry  A. 


Stubbs,  Will  C. 
Smith,  Jesse  M. 
Shrader,  Wm. 
Summers,  C.  H. 
Shippy,  Henry  L. 
Spencer,  Lieut.  E.  J. 
Sperry,  Elmer  A. 
Steinmetz,  C.  P. 
Sunny,  B.  E. 
Smith,  Francis  H. 
Summers,  L.  L. 
Short,  Sidney  H. 
Schulze-Berge,  F. 
Terry,  F.  S. 
Tischendoerf er,  F.  W . 
Thomson,  Elihu 
Thomas,  Benj.  F. 
Weston,  Edward 
Wetzler,  Joseph 
Voit,  Dr. 
Walmsley,  R.  M. 
Wilson,  C.  H. 
Weeks,  Edw.  R. 
Weeks,  Raymond  L. 
Wheeler,  S.  S. 


Dr.  Elisha  Gray,  the  Chairman  of  the  Congress,  who  had  made 
the  arrangements  for  the  banquet  which  were  admirably  carried 
out,  acted  as  toastmaster. 

After  the  dinner  had  been  served  Dr.  Gray  made  a  few  re- 
marks and  then  called  upon  the  Honorary  President,  Dr.  von 
Helmholtz,  to  respond  to  the  toast,  "  The  International  Electrical 
Congress."  Concluding  his  brief  address  Dr.  von  Helmholtz 
said : 

"  We  Europeans  have  come  over  here  with  the  feelings  of  a 

?jood  father,  rejoicing  in  the  success  of  his  children  to  which  he 
rimself  could  not  attain.  Europe  is  too  narrow  for  the  splendid 
march  of  electrical  progress,  and  America  has  grandly  per- 
formed the  task  set  before  it.  We  see  in  you  the  result  of 
better  conditions  and  prospects  than  we  have  enjoyed,  and  we 
rejoice  with  you  in  your  remarkable  advancement.  Gentlemen, 
I  drink  my  glass  to  the  great  American  Nation  1 " 

The  next  toast  was  "  Our  Guests,  the  Foreign  Official  Dele 
gates,"  which  was  responded  to  by  Mr.  W.  H.  Preece,  Mr. 
Mascart  and  Prof.  Ferraris,  each  speaking  in  his  native  language. 
Speeches  were  also  made  by  Messrs.  Ayrton,  Houston,  Thomp- 
son, Mendenhall,  Lurnmer,  Thomson,  Carhart,  Rowland  and 
Lockwood. 


FINAL  GENERAL   MEETING 

OF 

THE  INTERNATIONAL  ELECTRICAL  CONGRESS. 


Fbiday,  August  25th,  1893,  at  3  p.  m. 


Dr.  Elisha  Gray,  Chairman  of  the  Congress,  presided. 

The  Chairman  : — If  you  will  please  come  to  order  we  will 
now  have  the  pleasure  of  listening  to  the  report  of  the  Chamber 
of  Delegates. 

Prof.  E.  L.  Nichols,  Secretary  of  the  Chamber  of  Official 
Delegates,  then  gave  the  report  which  is  contained  in  full  on 
page  20. 

The  Chairman  then  called  on  Mr.  William  H.  Preece,  of  Lon- 
don, who  desired  to  make  an  announcement. 

Mr.  Preece  : — The  announcement  I  have  to  make  is  an  ex- 
tremely simple  one.  As  President  of  the  Institution  of  Electri- 
cal Engineers  of  England  it  is  my  wish  to  invite  the  members  of 
this  the  Institute  of  Electrical  Engineers  of  America  to  meet  me 
at  Victoria  House  m  the  Grounds  of  the  World's  Fair,  especi- 
ally as  the  American  Institute  has  done  me  the  great  honor  to 
make  me  an  honorary  member,  there  being  only  two  honorary 
members,  therefore  I  am  one  of  their  number.  I  have  exper- 
ienced the  great  difficulty  that  the  addresses  of  the  members  of 
the  American  Institute  and  the  members  of  the  congress  have 
not  been  very  carefully  kept.  Therefore,  I  invite  all  the 
members  of  this  congress  whether  they  are  the  members  of  the 
American  Institute  of  Electrical  Engineers  or  not,  to  allow  me 
to  have  the  pleasure  of  receiving  them  to-morrow  afternoon,  be- 
tween the  hours  of  live  and  seven  o'clock  in  my  present  British 
Home,  Victoria  House,  World's  Fair  Grounds. 

The  Chairman  : — Mr.  Pope  has  some  announcements  to  make. 

Mr.  Pope  then  made  announcements  as  to  Mr.  Tesla's  lecture 
at  eight  o'clock  that  evening  at  the  Agricultural  Hall,  in  the 
World's  Fair  Grounds.  He  also  stated  that  the  members  of  the 
congress  are  invited  to  visit  the  exhibits  of  the  Bell  Telephone 
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Company,  Western  Electric  Company,  General  Electric  Com- 
pany, W  estinghouse  Manufacturing  Company  and  others  at  the 
World's  Fair. 

The  Chairman: — As  we  will  have  no  other  opportunity  I 
would  suggest  that  a  vote  of  thanks  be  given  to  these  various 

Sersons  who  have  already  extended  to  us  many  privileges  and 
esire  to  do  even  more  for  us  to-morrow. 

It  was  resolved  that  the  various  parties  who  extended  those 
courtesies  be  tendered  a  vote  of  thanks. 

The  Chairman  : — I  now  call  upon  Dr.  H.  von  Helmholtz  to 
address  the  Congress. 

Dr.  von  Helmholtz  spoke  as  follows : — Ladies  and  gentle- 
men, we  have  performed  a  work  which  I  hope  will  have  good 
fruits  for  all  future  time  in  creating  a  congruitv  of  the  electrical 
associations  of  all  nations  so  that  scientific  and  industrial  men  can 
understand  each  other  in  the  simplest  and  best  way.  Now,  it 
was  a  rather  hard  piece  of  work  in  these  hot  days  in  the  continual 
meetings  of  the  delegates  and  members  of  the  congress ;  and  he 
who  has  had  the  greatest  part  of  these  exertions  and  work  on 
this  occasion  is  our  chairman,  Elisha  Gray,  and  therefore,  I  want 
you  to  extend  to  him  your  thankfulness  for  this  work  he  has 
done. 

M.  Mascart  seconded  the  motion,  speaking  in  his  native 
tongue. 

Mr.  Preece  : — It  is  my  duty,  ladies  and  gentlemen,  to  put 
this  proposition  to  the  meeting,  it  is  that  a  vote  of  thanks  be  ex- 
tended to  our  chairman,  Dr.  Gray.  Those  in  favor  of  this  pro- 
position will  kindly  say  aye.  I  see  there  is  no  use  to  ask  for  the 
contrary  vote. 

The  motion  is  carried  unanimously. 

Prof.  Elisha  Gray  spoke  as  follows : — Gentlemen,  I  cannot 
tell  you  how  grateful  this  is  to  me.  I  have  worked  for  the  last 
two  years  in  organizing  this  congress  under  many  difficulties,  and 
these  difficulties  have  continued  right  up  to  the  present  moment. 
These  steam  locomotives  outside  do  not  even  give  us  a  chance  to 
express  ourselves.  Now  before  we  leave  I  want  to  thank  the 
members  of  this  congress  for  the  good  part  you  have  taken  in 
the  difficulties  under  which  you  have  had  to  labor  and  I  have 
had  to  labor.  I  think  upon  the  whole  the  congress  has  been 
very  successful,  and  I  trust  that  you  will  go  away  feeling  this  to 
be  true,  and  that  you  will  think  of  us  kindly.  And  you  gentle- 
men, who  come  from  foreign  shores,  when  you  go  home  and  look 
back  do  not  think  only  of  the  smoke  and  noise  and  high  build- 
ings but  think  of  us  over  here  as  having  warm  hearts.  (Applause.) 
I  wish  you  well  and  pray  that  you  will  have  a  smooth  voyage 
and  a  warm,  hearty  welcome  when  you  return  to  your  homes  and 
and  dear  ones. 

Now,  gentlemen,  this  closes  the  work  of  the  International  Elec- 
trical Congress  at  Chicago  in  1893. 

I  now  declare  the  same  adjourned. 
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[Part  of  discussion  on  "  Ocean  Telephony"  to  be  inserted  on  page  161,  25 
lines  from  top.] 

Mb.  A.  E.  Kennelly,  of  Orange,  N.  J.: — There  are  two 
known  methods  of  neutralizing  the  influence  of  electrostatic 
capacity  by  inductance  in  periodic  current  circuits.  One  is  by 
placing  the  inductance  in  series  with  the  capacity ;  the  other  is 
by  placing  it  in  parallel  with  the  capacity.  The  method  sug- 
gested in  the  paper  we  have  just  heard  with  so  much  interest  is 
the  second.  There  can,  however,  be  only  one  particular  fre- 
quency for  sinusoidal  current  waves,  at  which,  a  given  combina- 
tion of  inductance  and  resistance  inserted  in  derived  circuits  as 
proposed,  can  neutralize  the  electrostatic  capacity  of  the  cable. 
At  all  other  frequencies  the  compensation  can  only  be  imperfect, 
the  signals  transmitted  distorted,  and  their  speed  of  legible  trans- 
mission reduced.  Just  how  far  the  improvement  in  speed  would 
be  effected  on  the  average ;  or,  taking  the  opposite  standpoint, 
over  what  range  of  frequency  above  and  below  the  single  fre- 
quency of  complete  compensation,  a  material  advantage  in  free- 
dom from  distortion  would  be  obtained,  is,  of  course,  an  intricate 
question  that  can  only  be  attacked  in  detail  for  each  case. 

Mr.  Oliver  Heaviside  has  pointed  out  that  it  is  theoretically 
possible  to  have  a  submarine  cable  in  which  no  distortion  exists 
at  any  frequency.  In  this  "  distortionless  circuit,"  as  he  calls  it, 
an  indefinitely  high  rate  of  signalling,  and  perfect  telephonic 
transmission  could  be  obtained.  He  has  shown  that  the  electro- 
static capacity  can  be  neutralized  by  the  insertion  of  inductance 
directly  in  the  conductor  circuit,  instead  of  in  derived  circuits ; 
i.  e.,  by  the  first  of  the  two  above  mentioned  methods,  instead 
of  by  the  second.  Unfortunately,  however,  for  constructive 
and  commercial  reasons,  we  are  yet  unable  to  practically  produce 
a  submarine  cable  in  which  the  proper  proportions  of  resistance, 
inductance,  leakage  and  capacity  coexist  in  conformity  with  the 
requirements  of  a  distortionless  circuit. 

It  is  a  grave  question  whether,  with  our  present  skill  and 
knowledge,  we  could  localize  breaks  or  discontinuities  in  a 
Heaviside  distortionless  cable,  or  in  such  a  cable  as  Professor 
Thompson  here  advocates,  which  would  be  distortionless  at  a 
single  harmonic  frequency.  But  if  the  difficulties  in  making 
such  cables  could  be  overcome,  we  may  surely  hope  that  the 
difficulties  in  their  repair  might  not  be  insuperable. 
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Page     6,  18  lines  from  top,     read  On  for  one. 

bottom,  *'    appointment  for  appoinment. 
top,        «•    Dr.  J.  Sahuika  for  Dr.  T.  Sahulka. 
bottom,  ' '    whether  for  that, 
top,        "    Dr.  Silvanus  for  Dr.  Sylvanus. 
bottom,  "    I  should  like  to  ask  one  question  in  regard 
to  the  necessary  frequency  of  calibration  of  the  instrument,  that  is,  supposing 
it  is  set  up  and  used,  how  often  is  calibration  necessary  ? 
Page  853,  25  lines  from  bottom,  read  Schulze  for  Shulze. 
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c    Chairman  for  President. 
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